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ENDOSCOPE CAPABLE OF BEING AUTOCLAVED 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an endoscope whose 
contents will resist high-temperature high-pressure steam 
given off during autoclaving so as not to be destroyed or 
deteriorated, and whose insertion unit has a soft part. 

2. Description of the Related Art 

Endoscopes having an insertion unit thereof inserted 
into a body cavity for observation of a deep region or for 
medical treatments to be, if necessary, conducted using a 
treatment appliance have been widely used in the field of 
medicine. 



In the case of endoscopes for medical studies, 
disinfecting and sterilizing a used endoscope is essential 
for preventing infectious diseases. A sterilization gas 
such as an ethylene oxide (EOG) gas or a disinfectant has 
been used to disinfect and sterilize a used endoscope in the 
past . 

However, sterilization gases are, as already known, 
quite toxic. Sterilization work cannot help becoming 
imperfect because it must be carried out safely. Moreover, 
adverse effects of a sterilization gas on an environment are 
in question. Since it takes much time for aeration intended 
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to remove gas sticking on equipment after sterilization , a 
sterilized endoscope cannot be used immediately after 
sterilization. Moreover, there is a question of a high 
running cost. 

On the other hand, disinfectants are hard to manage. 
Besides, the fact that a great expense is needed to dispose 
of a disinfectant must be taken into consideration. 

Autoclaving has become a mainstream of disinfection and 
sterilization of endoscopic equipment these days. This is 
because autoclaving does not require time-consuming work, 
makes it possible to use equipment immediately after 



Typical conditions for autoclaving are stipulated as 
the ANSI/AAMI ST3 7-1992 acknowledged by the American 
National Standards Institute and issued by the Association 
for the Advancement of Medical Instrumentation. The 
conditions define that pre-vacuum type autoclaving should be 
performed at 132°C for four minutes and that gravity type 
autoclaving should be performed at 132°C for ten minutes. 
Degrees of temperature at which autoclaving is actually 
performed range from 115°C to 140°C in general. 



A typical process of pre-vacuum type autoclaving 
includes a pre-vacuum step, a sterilization step, and a 
drying step. At the pre-vacuum step, a sterilization 
chamber in which medical equipment to be sterilized is 



autoclaving, and costs a little for running. 



3 




r 



r . 





- 3 - 



stowed is decompressed to exhibit a negative pressure. At 
the sterilization step, high-pressure high-temperature steam 
is injected into the sterilization chamber for sterilization. 
At the drying step, the sterilization chamber is 
decompressed again in order to dry a sterilized endoscope. 

The pre-vacuum step is a step intended to facilitate 
infiltration of steam into the minute spaces in medical 
equipment which is performed at the sterilization step. The 
sterilization chamber is decompressed, whereby high-pressure 
high-temperature steam penetrates the whole of the stowed 
medical equipment. The pressure in the sterilization 
chamber to be attained at the pre-vacuum step and drying 
step is calculated as "an atmospheric pressure - 0.07 MPa or 
so." The pre-vacuum step is included in a process of 
gaseous sterilization using an ethylene oxide gas. The 
pressure to be attained at the sterilization step is often 
set to a value calculated as "the atmospheric pressure + 0.2 
MPa or so." 



In general, endoscopes have a soft insertion unit or 
are of a bendable type having a bendable part. In this case, 
an armor tube made of a soft polymeric material such as a 
rubber or elastomer is used as a casing member for the soft 
insertion unit or bendable part. Moreover, since the 
endoscopes must be immersed in a fluid agent, the endoscopes 
are entirely watertight. 
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When a watertight endoscope is autoclaved, a soft armor 
tube may dilate to break at the decompression step such as 
the pre-vacuum step. Otherwise , a joint of parts may not 
fail to resist a difference in pressure between the interior 
and exterior of the endoscope any longer, and may eventually 
be broken. 

For preventing the above incident, Japanese Unexamined 
Utility Model Publication No. 1-12802 has disclosed an 
interior-exterior communication device for airtight 



endoscopes . 

According to the utility model, when a process of 
gaseous sterilization including a pre-vacuum step is adopted, 
an airtightness release cap is attached to the interior- 
exterior communication device, which is located on the outer 
wall of an endoscope, at each decompression step. This is 
intended to allow the internal space of the endoscope (or in 
other words, the interior of the endoscope) to communicate 
with the exterior of the endoscope for preventing a burst of 
a bendable armor tube of a bendable part. 



Moreover, Japanese Unexamined Patent Publication No. 
63-315024 describes an endoscope structured so that a 
communication path formed in part of the outer wall of the 
endoscope is blocked using a waterproof cap. The endoscope 
is sterilized using a gas with the waterproof cap removed. 
It is thus prevented that an armor tube of a bendable part 
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or the like bursts at a decompression step. 

However, as far as autoclaving is concerned, the 
interior and exterior of an endoscope are allowed to 
communicate with each other, and high-pressure high- 
temperature steam is actively invaded into the interior. 
This poses a problem in that various contents of the 
endoscope including an observing means and internal 
structural members thereof deteriorate shortly because of 
the steam. 

In efforts to cope with the problem, Japanese Examined 



Patent Publication No. 4-67445 has disclosed an internal 
pressure adjustment device for airtight endoscopes. The 
internal pressure adjustment device has a non-return valve 
mechanism located on a housing of an endoscope. The non- 
return valve mechanism permits passage of gas from the 
interior of the endoscope to the exterior thereof but 
prevents invasion of gas from the exterior of the endoscope 
into the interior thereof. Even when autoclaving is 
performed, it is prevented that high-pressure high- 
temperature steam actively invades into the interior of the 
endoscope . 

However, an endoscope may include members made of a 
polymeric material such as a plastic or rubber. In this 
case, when the endoscope is autoclaved, high-pressure high- 
temperature steam permeates through the polymeric members 
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and invades into the interior of the endoscope. In other 
words, unless all members constituting an endoscope are made 
of a raw material such as a metal, ceramic (in a broad sense, 
including a glass), or crystalline material, and assembled 
without a gap, high-pressure high-temperature steam will 
invade into the interior of the endoscope during autoclaving. 

The Japanese Examined Patent Publication No. 4-67445 
has disclosed an endoscope having a non-return valve 
mechanism. If the endoscope is an endoscope with a bending 
ability whose insertion unit has a bendable part, the 
bendable part is sheathed with an armor tube made of a 
polymeric material such as a soft rubber or elastomer. 
High-pressure high-temperature steam permeates through the 
armor tube and gradually invades into the interior of the 
endoscope. 

Moreover, in the endoscope with a bending ability, a 
rubber-sealing member made of a polymeric material such as 
an O ring is used as a sealing member for sealing an axis of 
rotation of a bending lever used to bend the bendable part. 
High-pressure high- temperature steam used for autoclaving 
permeates through the rubber-sealing member and gradually 
invades into the interior of the endoscope. 

Furthermore, even when an insertion unit of an 
endoscope does not have the bending ability, if the whole 
insertion unit is soft, a polymeric material is used to make 
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the armor tube of the insertion unit. During autoclaving, 
high-pressure high-temperature steam permeates through the 
armor tube and gradually invades into the interior of the 
endoscope. 

Endoscopes referred to as airtight endoscopes include 
endoscopes having a bending ability and endoscopes each of 
which insertion unit is soft. In these endoscopes, high- 
pressure high-temperature steam given off during autoclaving, 
as mentioned above, permeates through a member made of a 
polymeric material and gradually invades into the interior 
of the endoscope. 

The phenomenon that steam invades into the interior of 
an endoscope takes place during autoclaving irrespective of 
whether the autoclaving is of a pre-vacuum type or gravity 
type . 

When steam invades into the interior of an endoscope, 
there arises a fear that various contents of the endoscope 
including an observing means and internal structural members 
thereof may deteriorate, though gradually. 

An electronic endoscope will be taken for instance. 
Steam invading into the interior of the endoscope may 
condense on the surface of a lens included in an objective 
unit incorporated in an imaging unit or the internal surface 
of a cover glass of the objective unit. Moreover, 
electronic parts including a solid-state imaging device may 
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malfunction. In either case, there arises a possibility 
that invading steam impairs the quality of a view. 

Moreover, when steam invading into the interior of an 
endoscope reaches an observation optical system, the steam 
may condense on the surface of a lens included in the 
observation optical system or the internal surface of a 
cover glass of the observation optical system to narrow a 
field of view. This is not limited to the electronic 
kjj endoscope, but the same applies to a fiberscope, 

vj Furthermore, a multi-component glass that can be 

jS machined readily is a lens glass widely used as the 

foregoing lens or cover glass. The multi-component glass 
deteriorates when exposed to high-pressure high-temperature 
;;f steam given off during autoclaving. When steam invades into 
^[j the interior of an endoscope, the glass itself may 
C= deteriorate or a coating formed on the surface of the lens 
or an adhesive applied to the surface thereof may 
deteriorate. This may impair the quality of a view. 

Japanese Unexamined Patent Publication No. 62-212614 
describes an endoscope in which at least part of an optical 
system is structured hermetically in order to prevent 
invasion of steam into the optical system. However, the 
endoscope has optical members including a lens and cover 
glass bonded to a frame using an adhesive. When autoclaving 
is performed under the conditions stipulated by the American 
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National Standards Institute and others , steam invades into 
the optical system through the adhesive. In short, the 
structure cannot hinder invasion of high-pressure high- 
temperature steam in practice. 

Under the foregoing conditions for autoclaving, high- 
pressure high-temperature steam permeates through a layer of 
a hardened adhesive whose major component is a polymeric 
material, such as, a generally adopted epoxy adhesive or 
silicone adhesive. 

Moreover, the strength of a joint secured with the 
above adhesive is not so high as that of a joint secured by 
performing welding. When parts made of different materials, 
for example, a metal and glass are joined using an adhesive, 
the coefficient of thermal expansion differs between the 
parts. When the parts change due to heat during autoclaving, 
the joint of the parts is stressed. Consequently, the 
adhesive may peel off. 



In consideration of the foregoing drawbacks, a rigid 
endoscope having a rigid insertion unit has, as described in 
Japanese Unexamined Patent Publication No. 9-265046, a cover 
glass hermetically locked in a sleeve, which is one of parts 
constituting a housing of the endoscope, without a gap by 
performing soldering. A housing structure serving as the 
housing of the endoscope is thus sealed hermetically. 

However, in the case of an endoscope whose insertion 




unit has a bendable part or whose insertion unit is at least 
partly soft, a member made of a polymeric material is used 
as at least part of a housing of the endoscope. Even if 
only the distal part of the insertion unit has members 
thereof joined hermetically, the whole of the housing of the 
endoscope cannot be sealed fully hermetically. 

In other words, the endoscope whose housing can be 
sealed hermetically as described in the Japanese Unexamined 
Patent Publication No. 9-265047 is limited to rigid 
endoscopes not having the bending ability and making it 
possible to make an insertion unit thereof using a metal or 
ceramic . 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
endoscope capable of producing a high-quality view and 
resisting high-pressure high-temperature steam. 
Specifically, during autoclaving, high-pressure high- 
temperature steam may permeate through an armor tube made of 
a polymeric material and used to outline at least part of an 
insertion unit, and invade into the interior of the 
endoscope. Nevertheless, it can be prevented that the 
invading steam fogs an optical system to adversely affect 
observation or that electronic parts or the like deteriorate. 

Another object of the present invention is to provide 
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an endoscope that will not offer a field of view narrowed 
due to a degraded optical system or fogging. Specif ically, 
it can be prevented that high-pressure high- temperature 
steam invades into an optical system in the endoscope during 
autoclaving. 

Still another object of the present invention is to 
provide an endoscope capable of being autoclaved. 
Specif ically , it is prevented that incident light reflects 
from a coating covering the outer circumference of an 
optical member to cause flare. 

Briefly, an endoscope capable of being autoclaved in 
accordance with the present invention includes an insertion 
unit, an internal endoscope space, and contents. The 
insertion unit has a soft member, which is made of a soft 
polymeric material, as at least part of a casing thereof. 
The internal endoscope space includes the internal space of 
the insertion unit which is formed at a first sealing level 
at which the internal space keeps watertight relative to an 
exterior. The contents are formed with a plurality of 
airtight partition members all or part of which is stowed in 
the internal endoscope space. The contents include at least 
one hermetically sealed unit made by joining the airtight 
partition members using an airtight joining means, and thus 
formed at a second sealing level higher than the first 
sealing level. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 to FIG. 10 relate to a first embodiment of the 
pr es ent invent ion ; 

FIG. 1 is an explanatory diagram concerning the 
configuration of an electronic endoscope; 

FIG. 2 is a cross sectional view for explaining the 
structure of a non-return valve cap; 

FIG. 3 is a longitudinal sectional view for explaining 
the structure of the distal part of the electronic endoscope 
and its neighborhood; 

FIG. 4 is a longitudinal sectional view for explaining 
the structure of an imaging unit; 

FIG. 5A is an explanatory diagram concerning a metal 
coating formed on a distal cover glass; 

FIG. 5B is an explanatory diagram concerning a metal 
coating formed on a back-end cover glass; 

FIG. 6 is an explanatory diagram concerning the distal 
cover glass covered with the metal coating having a low 
reflectance layer; 

FIG. 7 is an explanatory diagram concerning a metal 
coating formed on the outer surface of an isolating frame; 

FIG. 8A is a sectional view showing a proximal cover 
glass hermetically united with the isolating frame; 

FIG. 8B is an enlarged view for explaining the airtight 
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joint; 



FIG, 9 is an explanatory diagram concerning a procedure 
of assembling lenses to produce an objective unit included 
in an imaging unit; 

FIG, 10 is an explanatory diagram concerning a 
hermetically sealed objective unit; 

FIG. 11 is an explanatory diagram concerning a 
procedure of assembling lenses to produce an objective unit 
included in an imaging unit; 



FIG. 12 is an explanatory diagram concerning notches of 
an engagement portion of a frame; 

FIG. 13 is an explanatory diagram concerning an imaging 
unit having another structure; 

FIG. 14 is a sectional view for explaining a beam 
narrowing mask created on the proximal surface of the distal 
cover glass; 

FIG. 15 is a perspective view of the distal cover glass 
for explaining the beam narrowing mask created on the 
proximal surface of the distal cover glass; 

FIG. 16 and FIG. 17 relate to a second embodiment of 
the present invention; 

FIG. 16 is a longitudinal sectional view for explaining 
the structure of the distal part of an electronic endoscope 
and its neighborhood; 

FIG. 17 is a longitudinal sectional view for explaining 




the structure of an imaging unit; 

FIG. 18 shows the electronic endoscope having a device 
frame and HIC frame linked by a relay cable; 

FIG. 19 is an explanatory diagram for detailing the 
device frame, HIC frame, and relay cable; 

FIG. 20 shows an electronic endoscope having a device 
frame and substrate frame linked by a relay cable; 

FIG. 21 is a longitudinal sectional view for explaining 
the structure of a light guide connector; 

FIG. 22 is a sectional view for explaining the 
structure of a switch unit; 

FIG. 23 to FIG. 25 relate to a third embodiment of the 
pr es ent invent io n ; 

FIG. 23 is an explanatory diagram concerning the 
configuration of an endoscope; 

FIG. 24 is a longitudinal sectional view for explaining 
the structure of the distal part of the endoscope and its 
neighborhood; 

FIG. 25 is a longitudinal sectional view for explaining 
the structure of an eyepiece unit of the endoscope; 

FIG. 26 is an explanatory diagram concerning another 
joined state of an objective frame and image guide fiber 
frame; 

FIG. 27 is a longitudinal sectional view for explaining 
another structure of the distal part of an endoscope and its 
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neighborhood ; 

FIG. 2 8 is an explanatory diagram concerning an image 
output end of an image guide fiber bundle to which a mask 
deposition cover glass is fixed; 

FIG. 2 9 is a perspective view for explaining the mask 
deposition cover glass; and 

FIG. 30 is an explanatory diagram concerning a 
connector unit coupled to a light source apparatus. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to FIG. 1 to FIG. 10 , a first embodiment of 
the present invention will be described below. 

As shown in FIG. 1, an electronic endoscope 1 of this 
^ embodiment consist^mainly of an insertion unit 2, an 
operation unit 3, and a universal cord 4. The insertion 
unit 2 has a solid-state imaging device , for example, a 
charge-coupled device (CCD) incorporated in the distal part 
thereof. The operation unit 3 is coupled to the proximal 
end of the insertion unit 2, and held by an observer to be 
manipulated in various manners . The universal cord 4 
extends from the operation unit 3. A connector unit 5 is 
attached to the other end of the universal cord 4 . The 
connector unit 5 is connected to a light source apparatus 
that is not shown and a camera control unit (hereinafter 
abbreviated to a CCU) that is not shown. 
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A light guide connector 6 is connected to the light 
source apparatus , and a camera connector 7 is connected to 
the CCU. Moreover, the internal spaces of the insertion 
unit 2, operation unit 3 f universal cord 4, and connector 
unit 5 communicate with one another. In other words, the 
internal spaces constitute one internal endoscope space (or 
simply an internal space) inside a housing of the endoscope. 

The insertion unit 2 consists of a distal part 8, a 
bendable part 9 that can be bent freely, and a flexible tube 
10 having flexibility. 



The operation unit 3 has a bending lever 11, a 
treatment appliance insertion port 12, and a plurality of 
switches 13. The bending lever 11 is used to control the 
movements of the bendable part 9. The treatment appliance 
insertion port 12 is a port through which a treatment 
appliance such as forceps is inserted. The switches 13 are 
used to freeze or release an image. The bending lever 11 
can be rotated freely and mounted together with an O ring, 
which is not shown, in order to attain watertightness . 



The camera connector 7 has a vent 14 through which the 
internal space is ventilated with outside air. A waterproof 
cap 15 can be attached or detached to or from the camera 
connector 7. The waterproof cap 15 is attached to the 
camera connector 7, whereby the internal space of the 
endoscope 1 is set to a sealing level (referred to a first 
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sealing level) at which it is sealed in a watertight manner. 
When the waterproof cap 15 is detached , the interior and 
exterior of the endoscope 1 with respect to the endoscope 
housing or the internal space and exterior thereof 
communicate with each other. 

The waterproof cap 15 is attached to the camera 
connector 7 in order to clean the used endoscope 1 or 
immerse it in a fluid agent. The waterproof cap 15 seals 
the internal space of the endoscope 1 in a watertight manner 



for fear that a fluid may invade into the internal space 
thereof during cleaning under running water or immersion in 



(K a fluid agent. A non-return^valve* cap 20 having the 

capability of a non-return valve can also be attached or 
detached to or from the camera connector 7 . The non-return 
valve cap 20 permits passage of gas from the internal space 
of an endoscope to the exterior thereof but hinders passage 
of gas from the exterior of the endoscope to the interior 
thereof. 

As shown in FIG. 2, the non-return valve cap 20 
consists of a non-return valve cap body 22 f a valve body 24 , 
a spring 25 , an attachment portion 26, and a sealing member 
27. The non-return valve cap body 22 has a valve seat 21 
and is made of, for example, a metal. The valve body 24 has 
a rubber sealing member 23 united therewith and is made of, 
for example, a metal. The spring 25 constrains the valve 





body 24 to move towards the valve seat 21. The attachment 
portion 2 6 is attached to the camera connector 7 and made of , 
for example, a metal. When the attachment portion 2 6 is 
attached to the camera connector 7 , the sealing member 27 
made of, for example, a rubber sustains the watertightness 
attained between the inner circumference of the attachment 
portion 2 6 and the outer circumference of the camera 
connector 7 . 

For autoclaving the endoscope 1, the non-return valve 
cap 2 0 rather than the waterproof cap 15 is attached to the 
camera connector 7 . By attaching the non-return valve cap 
20, high-pressure high-temperature steam given off during 
autoclaving is hindered from invading through the vent 14. 

A constraining force exerted by the spring 25 is set to 
a magnitude of force causing the sealing member 23 to meet 
closely the valve seat 21 under the condition that: the 
valve body 24 is constrained to move towards the valve seat 
21 in a normal state in which the non-return valve cap 2 0 is 
attached to the camera connector 7. Moreover, the magnitude 
of force allows the valve body 24 to be released from 
constraint causing it to move towards the valve seat 21 at a 
decompression step included in a process of autoclaving. 

As long as the internal pressure of the internal space 
of the endoscope 1 does not exceed an atmospheric pressure, 
or in other words, in a normal use situation, the internal 
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space of the endoscope 1 is retained at the first sealing 
level by attaching the non-return valve cap 20. At this 
time, the first sealing level is attained relative to 
outside air. For cleaning the endoscope 1 or immersing it 
in a fluid agent, the non-return valve cap 20 rather than 
the waterproof cap 15 may be attached. 

As shown in FIG. 3, an imaging unit 17 serving as an 
observing means and image transmitting means and a light 
guide fiber bundle 18 over which illumination light is 
transmitted are incorporated in a distal body 16 outlining 
the distal part 8 of the endoscope 1 . An illumination lens 
19 is placed on the distal surface of the light guide fiber 
bundle 18, and bonded and fixed to the distal body 16 using 
an adhesive. 

A distal cover member 31 is mounted on the outer 
circumference of the distal body 16. A first bending piece 
32a is located at the foremost position among a plurality of 
bending pieces 3 2 constituting the bendable part 9. The 
first bending piece 32a is coupled to the proximal end of 
the distal cover member 31 by a rivet 33 so that the first 
bending piece 32a can pivot freely. The plurality of 
bending pieces 32 is concatenated to the proximal end of the 
first bending piece 32a by the rivets 33 so that they can 
pivot freely. The outer circumferences of the bending 
pieces 32 are sheathed with a metallic meshed tube 34 and an 
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armor tube 35. The armor tube 35 is made of a polymeric 
material such as a rubber or elastomer having flexibility, 
for example, a fluorine-contained rubber. 

A range 2 8 covered by the imaging unit 17 corresponds 
to the length of a distal rigid part and falls within a 
distal rigid length distal to the rivet 33 located at the 
foremost position, that is, a range 29. 

As shown in FIG. 4, a distal cover glass 36 forming an 
optical window of an observing means is included as part of 
the casing of the insertion unit 2 (in this embodiment, part 
of the distal surface) and placed at the tip of the imaging 
unit 17. 

The distal cover glass 36 is made of sapphire that is 
highly strong, resistive to high-pressure high-temperature 
steam, and made into an airtight partition member, or a 
glass resistive to high-pressure high-temperature steam. 
Metal coating that is one kind of surface finishing is 
performed on the outer circumference of the distal cover 
glass 36. The distal cover glass 3 6 is hermetically locked 
inside the inner circumference of a metallic distal frame 37 
without a gap using an airtight joining means. The metallic 
distal frame 37 is an airtight partition member resistive to 
high-temperature steam. The airtight joining means enables 
highly strong joining but does not deteriorate even when 
exposed to steam. Depending on how to design an optical 
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system, a lens may be used as the optical window instead of 
the cover glass. The distal frame 37 is made of a stainless 
steel or covar • 

A plate layer is formed on the internal circumference 
of the distal frame 3 7 by performing, for example, 
electroplating. The plate layer is composed of, for example, 
a lower layer of a nickel plate layer and an upper layer of 
a gold plate layer. 

A lens frame 39 accommodating a group of objectives 38 
is mounted at the proximal end of the distal cover glass 36. 
The group of objectives 38 includes a plurality of optical 
lenses and forms an image of an object. The lens frame 39 
is bonded and fixed to the distal part of an isolating frame 
41 serving as an airtight partition member resistive to 
high-pressure high-temperature steam and made of an 
insulating material such as ceramic. The isolating frame 41 
is made of one of ceramics exhibiting a high coefficient of 
thermal conductivity and being strong to thermal shock. 
Moreover, an aperture stop plate 42 is bonded and fixed to 
the internal circumference of the proximal part of the 
isolating frame 41. 

A CCD 43 is a solid-state imaging device on which an 
object image formed by the group of objectives 38 is 
projected. The CCD 43 is positioned using a reticle or the 
like, and bonded and fixed to a proximal cover glass 44 made 
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of sapphire or a glass resistive to high-pressure high- 
temperature steam. The proximal cover glass 44 is a kind of 
optical window opposed to the proximal surface of the group 
of objectives 38. In the present embodiment , a CCD cover 
glass 45 is placed on the front surface of an imaging chip 
of the CCD 43. A lens included in a group of lenses 46 is 
positioned, and bonded and fixed to the distal surface of 
the proximal cover glass 44. 

The outer circumference and chamfers of the proximal 
cover glass 44 have undergone the same surface finishing as 
the distal cover glass 36. The proximal cover glass 44 is 
hermetically locked in a frame body 47 formed with a 
metallic member, which is an airtight partition member 
resistive to high-pressure high-temperature steam, using an 
airtight joining means that will be described later. There 
is a gap between the outer circumference of the group of 
lenses 46 and the inner circumference of the frame body 47. 
The gap is intended to prevent the frame body 47 from 
stressing the joined surfaces of the lenses when the frame 
body 47 and group of lenses 46 exhibiting different 
coefficients of thermal expansion thermally expand due to 
heating occurring during autoclaving. 

The distal part of the frame body 47 and the proximal 
part of the isolating frame 41 are hermetically joined using 
an airtight joining means. The frame body 47 is, like the 




1 



- 23 - 



distal frame 37, made of stainless steel or covar. The 
frame body 47 has the same plate layer as the distal frame 
37 formed on the inner circumference thereof. 

Moreover, when a gap between each pair of the distal 
cover glass 36 and distal frame 37, the distal frame 3 7 and 
isolating frame 41, and the isolating frame 41 and frame 
body 4 7 is closest to nil, the engagements of the pairs are 
accomplished reliably. 

Moreover, there is a gap of a proper dimension between 
the proximal cover glass 44 and frame body 47. 



The CCD 43 is electrically coupled to a cable 4 9 via 
substrates 48. Electronic parts including ICs and 
capacitors are mounted on the substrates 48. These 
electronic parts are sealed and locked using a sealing 
member such as an adhesive 50 having an insulation property. 



The CCD 43 and others are enclosed in a first shielding 
frame 51 made of a metal. The first shielding frame 51 is 
mounted unitedly on the outer circumference of the frame 
body 47 by performing bonding or welding. Moreover, a 
second shielding frame 52 made of a metal is attached to the 
proximal part of the first shielding frame 51 by performing 
bonding or welding. 

A space created by the first shielding frame 51, CCD 43, 
and proximal cover glass 44 is filled with a filler 53. The 
filler 53 is an adhesive, sealant, or a potting material 
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that is less permeable to steam. 

Moreover, an adhesive 54 is injected to the 
surroundings of the portion of the cable 49 lying in the 
second shielding frame 52. The outer circumference of the 
second shielding frame 52 is sheathed with thermo- 
contractile tubes 55 and 56 made of, for example, a 
fluorocarbon resin less permeable to steam. 

When members are bonded to each other using an adhesive 
that is not shown, the adhesive may readily or hardly peel 
off during autoclaving depending on the material made into 
the members . 

When an optical member is bonded and fixed to a 
metallic frame, since the coefficient of thermal expansion 
differs greatly between the metal and optical member, an 
adhesive may peel off. This is because the joint of the 
optical member and metallic frame is greatly stressed due to 
a difference in the coefficient of thermal expansion when a 
high temperature is attained during autoclaving. 

By contrast, when identical members, for example, 
metallic members are bonded and fixed using an adhesive, 
since the joint of the members hardly undergoes a stress 
stemming from a difference in the coefficient of thermal 
expansion, the adhesive will not peel off. Moreover, a 
portion filled with an adhesive hardly undergoes a stress 
stemming from a difference in coefficient of thermal 
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expansion. The adhesive therefore ft ardxy peels off or 
cracks. 

In the present embodiment/ consideration is taken into 

the foregoing facts. When members constituting a portion 

susceptible to invasion of steam must be secured using an 

adhesive, members having the same coefficient of thermal 

expansion or members whose coefficients of thermal expansion 

hao^ - a sma ll — di£f£renee are bonded and fixed to each other 
^\ 

using an adhesive. Otherwise -, an adhesive is used 
exclusively f ©refilling,. Consequently, an adhesive applied 
to -a- joints hardly peels off. Even joining using an adhesive 
can therefore suppress permeation of steam. 

Next, metal coating and airtight joining will be 
described with reference to FIG. 5A to FIG. 8. 

Metal coating is performed as surface finishing in 
order to form a first metal coating 61 over the lateral 
surface 36a of the distal cover glass 36 shown in FIG. 5A 
and the lateral surface 44a and chamfers 44b of the proximal 
cover glass 44 shown in FIG. 5B. 

The first metal coating 61 is composed of a chromium 
layer 62, a nickel layer 63, and a gold layer 64. The 
chromium layer 62 is a lowermost layer formed as a 
metallized layer. The nickel layer 63 is the second layer 
or an intermediate layer. The gold layer 64 is an uppermost 
layer and serves as a joint layer. The layers are produced 
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by performing deposition, spattering, or plating in a vacuum. 

Furthermore, as shown in FIG. 6, the lowermost layer of 
the distal cover glass 3 6 may be a chromium oxide (Cr 2 0 3 ) 
layer 65 that is a low reflectance layer. Rays reaching the 
chromium oxide layer 65 that is the low reflectance layer 
formed on the outer circumference of the cover glass 36 will 
hardly be reflected. Consequently, occurrence of flare or 
the like can be prevented, and the optical characteristic of 



the endoscope improves . 

When the chromium oxide layer 65 is formed, the nickel 
layer 63 and gold layer 64 are, as illustrated, overlaid the 
chromium oxide layer 65. Thus, the first metal coating 61 
is realized. Otherwise, the chromium layer 62, nickel layer 
63, and gold layer 64 may be overlaid a chromium oxide layer 
134, thus realizing the first metal coating 61. Moreover, 
the lowermost layer of the proximal cover glass 44 may be 
the chromium oxide layer 65 that is the low reflectance 
layer. Even in this case, the same operation and advantage 
as those mentioned above can be exerted. 



For putting emphasis on a low reflectance, the lateral 
surfaces 36a and 44a of the cover glasses 36 and 44 may be 
polished to such an extent that the average roughness (Ra) 
thereof will be any of 0.1 to 1 urn and the highest roughness 
(PV) thereof will be any of 2 to 5 ^tm. The surfaces are then 
finished as mentioned above. 
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If the lateral surfaces 36a and 44a were finished like 
a mirror, not only light would be reflected from the 
surfaces but also a degree of closeness at which the layers 
of the coating are meeting would be lowered. If the 
roughness of a surface were too high, it would become hard 
to remove foreign matters adhering to the surface. The 
degree of closeness at which the layers of the coating are 
meeting would therefore be lowered. 

By the way, as shown in FIG. 7, a second metal coating 
66 is formed on the outer surface 41a of the isolating frame 
41 engaging with the distal frame 37 and the outer surface 
41b of the isolating frame 41 engaging with the frame body 
47. 

The second metal coating 66 on the outer surfaces 41a 
and 41b are composed of a nickel layer 67 that is a lower 
layer of a metallized layer and a gold layer 68 serving as 
an uppermost layer. The layers are formed by performing 
deposition or spattering in a vacuum or by performing 
plating. a 

The outer surfaces 41a and 41tyv^are not^pe finished 
using a conductive material. ^be<tnner svTrf ac e s are n of-fre 
^ f- inished uoing a conductive ma rerxa^ry — feecu The distal frame 
37 to be attached in contact with the outer surface 41a and 
the frame body 47 to be attached in contact with the outer 
surface 41b are therefore electrically isolated from each 
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other . 



Referring to FIG. 8, a description will be made of 
airtight joining of the frame body 4 7 and proximal cover 
glass 44. 

As shown in FIG. 8A, the depth of a recess 4 7a in the 
frame body 4 7 in which the proximal cover glass 44 is locked 
is set to a value smaller than the thickness of the proximal 
cover glass 44. In other words, one surface of the proximal 
cover glass 44 juts beyond the end surface of the frame body 
47 in which the recess 4 7a is bored. 



As shown in FIG. 8B, the lateral surface 44a of the 
proximal cover glass 44 and the inner circumference of the 
recess 47a are joined hermetically by injecting a brazing 
filler metal or solder into a gap between them and the edges 
thereof. At this time, a fillet 71 having a substantially 
triangular section is formed on the end surface of the frame 
body 47 beyond which the proximal cover glass 44 juts, and 
on the chamfer 44b of the proximal cover glass 44 located at 
a corner of the recess 47a. The fillet 71 is a lump of the 
brazing filler metal or solder. When the sections of the 



solder has been injected unintermittently into the gap 
between the lateral surface 44a of the proximal cover glass 
44 and the inner circumference of the recess 47a. Thus, 




have a desired shape, the brazing filler metal or 



hermetically joining is completed. In the present 



embodiment, it can be visually checked whether the fillets 
71 have been shaped precisely. 

When flax is used for soldering or brazing, the frame 
body 4 7 and cover glass 44 must be cleaned while being 
joined in order to prevent corrosion of a metal. 

The soldered or brazed portions do not touch a living 
body. Any solder or brazing filler metal can therefore be 
selected for use. However, preferably, an alloy of gold and 
tin or a gold alloy is used as a solder or brazing filler 
metal. The uppermost layer of the plating formed on the 
frame body 4 7 and that of the metal coating formed on the 
cover glass 44 are gold layers. The plating and metal 
coating closely meet the alloy of gold and tin or the gold 
alloy . 

Referring to FIG. 9 and FIG. 10, a procedure of 
assembling the components of the imaging unit 17 will be 
described below. 

Referring to FIG. 9, a procedure of assembling the 
components of an objective unit included in the imaging unit 
17 will be described briefly. 

The CCD 43 is bonded and fixed to the proximal end of 
the proximal cover glass 44, which is hermetically locked in 
the frame body 47, using a transparent adhesive 72 in such a 
manner that no air layer will be present. At this time, the 
center axis of the CCD 43 is aligned with that of the 
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proximal cover glass 44. The isolating frame 41 and the 
frame body 4 7 in which the proximal cover glass 44 is locked 
are then joined hermetically. Thereafter, the lens frame 39 
having the group of objectives 38 is inserted into the 
isolating frame 41. The lens frame 39 is slid along the 
optical axis of the group of objectives. The group of 
objectives 38 is focused on the CCD 43. When the group of 
objectives 3 8 has come into focus , the lens frame 39 is 
sD fixed to the isolating frame 41 using an adhesive. 

Si Thereafter , the distal frame 37 in which the distal cover 

m glass 3 6 is hermetically locked and the isolating frame 41 

y?j are joined hermetically. This results in a hermetically 

t % sealed objective unit 40 shown in FIG. 10 having the whole 

™ group of objectives 38 hermetically sealed. Reference 

numeral 7 3 denotes an airtight joint realized with a solder 
^ J or brazing filler metal. 

Referring to FIG. 10 , a description will be made of the 
structure of the hermetically sealed objective unit 40 in 
accordance with the present embodiment. 

To begin with, the distal cover glass 36 having a metal 
coating formed on the lateral surface 36a thereof is locked 
in a recess 37a of the distal frame 37 that is plated. In 
this state, laser light is irradiated in the direction of 
arrow A to the whole outer circumference of the distal frame 
37 in which the distal cover glass 36 is locked. 
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The gold layer 64 coated over the lateral surface 36a 
of the distal cover glass 3 6 and the gold layer coated over 
the distal frame 3 7 are fused with the heat of the laser 
light. The fused gold layers are then cooled and bonded 
mutually. Consequently, the outer circumference of the 
distal cover glass 3 6 and the inner circumference of the 
distal frame 37 are joined with no gap between them. In 
short, the distal cover glass 3 6 and distal frame 3 7 are 
joined hermetically . 

A laser for irradiating laser light is preferably a YAG 
laser whose power is low and can be finely adjusted. 
Moreover, when a laser for producing laser light of a 



pulsating wave is used, an extent by which adjoining pulses 
overlap is set to 80 % or higher. Thus, joining can be 
achieved with airtightness ensured. 

Thereafter, the CCD 43 on which the substrates 48 and 
cable 4 9 are mounted is positioned on the proximal cover 
glass 44 and, bonded and fixed thereto. The group of lenses 
46 is positioned on the proximal cover jglc^fs 44, and bonded 



and fixed thereto. The image input end of the CCD 43 
serving as an image transmitting means and the proximal 



adhesive. 

At this time, an air layer must not be present in the 
layer of the adhesive. Moreover, as the transparent 




cover glass 44 are fixed to each other using a transparent 
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adhesive , an adhesive to be hardened with ultraviolet rays 
is used in order to reliably fix the CCD and proximal cover 
glass each other with the optical axes thereof aligned with 
each other. The portions to which the adhesive is applied 
lie outside the airtight region. An adhesive having the 
feature that it will resist high-pressure high-temperature 
steam given off during autoclaving so as not to be peeled 
off or decolorized must be selected for use. Consequently, 
a phenomenon causing poor image quality is prevented from 
occurring while involving the CCD 43 and proximal cover 
glass 44. 

In the foregoing present embodiment, the CCD cover 
glass 45 is bonded to the front surface of the imaging chip 
included in the CCD 43. The imaging surface of the imaging 
chip, which is not shown, included in the CCD 43 and the CCD 
cover glass 45 are closely fixed to each other or 
hermetically sealed so that an air layer permitting invasion 
of steam will not be present. The front surface of the CCD 
cover glass 45 works substantially as the image input end of 
the CCD 43. However, when the CCD cover glass 45 is not 
included, the image input end of the imaging chip included 
in the CCD 43 is closely bonded directly to the proximal 
cover glass 44. 

Thereafter, the frame body 47 is engaged with the 
isolating frame 41 to which the aperture stop plate 42 is 
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CK bucTed and fixed. Laser light is irradiated in the direction 
of arrow B to the whole outer circumference of the frame 
body 47. The gold layer 68b coated over the isolating frame 
41 and the gold layer coated over the frame body 47 are 
fused due to the heat of the laser light. The gold layers 
are then cooled and bonded mutually. Thus, the outer 
circumference of the isolating frame 41 and the inner 
circumference of the frame body 47 are hermetically joined 
without a gap between them. 

Thereafter, the lenses constituting the group of 
objectives 38 are assembled and fixed to the lens frame 39 
using an adhesive. Thereafter, the lens frame 39 is 
inserted into the isolating frame 41. The position in the 
axial direction of the lens frame 3 9 is adjusted in order to 
bring the group of objectives 38 into focus. The lens frame 
39 is then bonded and fixed to the isolating frame 41. 

Thereafter, the distal frame 3 7 in which the distal 
cover glass 36 is locked is engaged with the isolating frame 
41 so that it will cover the lens frame 39. Laser light is 
then irradiated in the direction of arrow C to the whole 
outer circumference of the distal frame 37. The gold layer 
68 coated over the isolating frame 41 and the gold layer 
coated over the distal frame 3 7 are fused due to the heat of 
the laser light. The gold layers are then cooled and bonded 
mutually. Consequently, the outer circumference of the 
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isolating frame 41 and the inner circumference of the distal 
frame 3 7 are joined hermetically without a gap between them. 

A laser used for joining is a YAG laser whose power is 
low and can be finely adjusted. When components are joined 
using the laser, the temperature of the joint will be 1000°C 
or higher. However, the heat will not adversely affect the 
portion of the aperture stop plate 42 to which an adhesive 
is applied, a joint of the CCD 43, lens frame 39, and 
isolating frame 41 realized with an adhesive, and the group 
of objectives 38. This is because laser light is irradiated 
locally and instantaneously. 

The distal cover glass 36 and distal frame 37, the 
distal frame 37 and isolating frame 41, and the isolating 
frame 41 and frame body 4 7 are joined hermetically by fusing 
the gold layers coated over the members preliminarily using 
laser light. Moreover, the frame body 4 7 and proximal cover 
glass 44 are joined hermetically without a gap between them 
using a solder or brazing filler metal. This results in the 
hermetically sealed objective unit 40 that is a hermetically 
sealed unit sealed at a degree of sealing (hereinafter 
referred to as a second sealing level) at which steam will 
not invade into the unit during autoclaving. The 
hermetically sealed objective unit 40 is part of the imaging 
unit 18 that is one of the contents of the endoscope. 

The hermetically sealed objective unit 40 is realized 
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by unitedly joining airtight partition members using an 
airtight joining means. Herein, the airtight partition 
members are characteristic of offering a vacuum, and used to 
realize the distal cover glass 36, distal frame 37, 
isolating frame 41, frame body 47, and proximal cover glass 
44. The airtight joining means enables joining without a 
gap between joined members. The hermetically sealed 
objective unit 40 is therefore so pressure-resistant and 
strong as to resist decompression and pressurization 
performed during autoclaving as well as a temperature change 
and not to destroy. Even if steam permeates through the 
armor tube made of a polymeric material and invades into the 
internal space during autoclaving, it can be prevented that 
the steam invades into the hermetically sealed objective 
unit 40 that is sealed at the second sealing level. 

Moreover, the CCD 43 and the proximal cover glass 44 
are closely joined using a transparent adhesive in such a 
manner that no air layer is present. By the way, the CCD 43 
is located at the back end of the hermetically sealed 
objective unit 40, and the proximal cover glass 44 serves as 
an optical window and lies at the back end thereof. Along 
an optical path from the distal cover glass 36, which serves 
as an optical window bared on the distal surface of the 
endoscope 1, to the image input end of the CCD 43, there is 
no portion into which steam given off during autoclaving may 
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invade. The steam may then condense into water. Owing to 
this structure, even if the solid-state imaging device is 
not sealed hermetically together with the objectives, 
nothing will hinder observation. The imaging unit can 
therefore be designed compactly. 

The electronic parts including the solid-state imaging 
device are somewhat resistive to steam unlike optical 
members on which condensation or any other obstacle to 



observation occurs due to even little invading steam. 

Moreover, according to the present embodiment, the 

first shielding frame 51 shielding the CCD 43 is mounted on 

the frame body 4 7 using an adhesive or by performing welding. 

The second shielding frame 52 is mounted on the first 

shielding frame 51 using an adhesive or by performing 

welding. The space created by the first shielding frame 51, 

CCD 43, and proximal cover glass 44 is filled with the 

filler 53 such as an adhesive, a sealant, or a potting 

material that are less permeable to steam. Moreover, the 

adhesive 54 is injected to the surroundings of the portion 

of the cable 49 lying inside the second shielding frame 52. 

Although the surroundings of the CCD 43 are not structured 

fully hermetically, at least the CCD 43 and other electronic 

parts are sealed at a sealing level at which they will 

resist steam so as not to be destroyed. Owing to the 

/7 

^ structure, the whole imaging unit can resist autoclaving 
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without the necessity of using a hermetic connector employed 
^ in the second embodiment. Besides, the imaging unit^can be 
designed compactly. 

By the way, an illumination optical system is not 
sealed hermetically. This is because even if moisture 
condenses little on an illumination lens, insufficient 
illumination or any other functionally serious drawback will 
not come to light. Sealing of the illumination optical 
system may be of a level to be attained by securing 
components using an adhesive as adopted in the present 
embodiment . 

By adopting the structure shown in FIG. 11, the center 
axis of the CCD 43 can be readily aligned with that of the 
group of objectives 38. 

According to the present embodiment, as illustrated, 
the center axis of the CCD cover glass 45 is aligned with 
that of the CCD 4 3 in advance. The CCD cover glass 45 is 
closely fixed to the CCD 43 by applying the transparent 
adhesive 72 without creating an air layer. 

The proximal cover glass 44 is locked hermetically in 
the engagement portion 47b of the frame body 47, which is 
formed at the end thereof, rather than in the end portion of 
the frame body 47. 

The CCD cover glass 4 5 is inserted into the engagement 
portion 47b of the frame body 47. The proximal cover glass 
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4 4 and CCD cover glass 45 are then closely fixed to each 
other by applying the transparent adhesive 72 without 
creating an air layer. 

At this time, the center axis of the group of 
objectives 38 is aligned with that of the frame body 47. 
Owing to the structure, the center axis of the CCD 43 can be 
aligned readily with that of the group of objectives 38. 

As shown in FIG. 12, notches 47c are formed in the 
engagement portion 47b of the frame body 47. When the CCD 
cover glass 45 is closely fixed to the proximal cover glass 
tf{ 44 using the adhesive 72, the excess-iro adhesive 72 flows 
out of the notches 47c. Consequently, an air layer composed 
of babbles or the like will not be left between the CCD 
cover glass 45 and proximal cover glass 44. 

In the structure of the present embodiment, the group 
of objectives 38 located in front of the image input end of 
the CCD 43 is placed in the hermetically sealed space. 
Water droplets will therefore not be produced to cloud the 
group of objectives 38. 

Moreover, the CCD 43, CCD cover glass 45, and proximal 
cover glass 44 are closely fixed to one another using the 
transparent adhesive 72. Moisture will therefore not 
condense into water droplets over these members. 

Furthermore, when the group of objectives 3 8 is 
realized with a non-focus optical system, an imaging unit 
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17A having the structure shown in FIG. 13 should be employed. 

Specifically, as illustrated, the CCD cover glass 45 is 
closely fixed to the image input end of the CCD 43 by 
applying the transparent adhesive 72 without creating an air 
layer. The CCD cover glass 45 is closely fixed to the 
proximal end surface of the proximal cover glass 44, which 
is hermetically locked in the lens frame 39, by applying the 
transparent adhesive 72 without creating an air layer. 

The lens frame 39 is made of a metal or ceramic. The 
distal cover glass 3 6 made of sapphire and having the outer 
circumference thereof covered with the first metal coating 
61 is hermetically locked in the distal part of the lens 
frame 39. The group of objectives 38 and spacer rings 74 
are placed in the space hermetically sealed by the lens 
frame 39, distal cover glass 36, and proximal cover glass 44. 

In the present embodiment, the group of objectives 3 8 
is located at a position, at which it is focused on the CCD 
43, by means of the spacer rings 74. This obviates the 
necessity of bringing the group of objectives into focus 
during assembling. Consequently, it becomes unnecessary to 
hermetically join units with the CCD included in one of the 
units by performing soldering or brazing. Assembling 
efficiency therefore improves. The other operations and 
advantages are identical to those exerted by the aforesaid 
embodiment . 



Raw materials to be made into the airtight partition 
members constituting the hermetically sealed objective unit 
4 0 and hermetically sealing it, such as, a metal, a ceramic, 
a glass, and sapphire are highly heat-resistant and 
pressure-resistant to resist decompression or pressurization 
performed during autoclaving and not to be destroyed. 
Moreover, the raw materials themselves are characteristic of 
offering a vacuum (when the volume of a space in a specimen 
is any of 0.1 to 0.4 cm 3 , a syntype leakage detected by a 
helium leakage detector stipulated in the JIS Z2331 is 1x10" 
9 Pa*m 3 /s or less). Besides, the raw materials can be joined 
hermetically . 

The raw materials that can be joined hermetically are 
heat-resistant raw materials that are resistive to a 
temperature rise occurring when the raw materials are joined 
using an airtight joining means described below. 

By contrast, polymeric materials including general 
resins and rubbers cannot clear the conditions for airtight 
partition members. The raw materials to be made into the 
airtight partition members are therefore limited to raw 
materials whose main components are a metal, a ceramic, a 
glass, or a crystalline material. Any preferable raw 
material is selected from among these raw materials. 

As for the metal, various raw materials can be used. 
For example, stainless steel or covar can be used. 
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^ Moreover, in the present embodiment, ^ ceramic and 

0^ glass itf distinguished from each other as if they were 

different raw materials. However, -the ceramic is a generic 
name of non-metallic inorganic materials produced through 
/k^ steps of molding and baking and others. -3rft- a broad sense, 
(7< *itcr , ef ore, glasses are included in ceramics. Many ceramics 
^ -c^tea*? the conditions for airtight partition members. When a 
metal cannot be adopted as a material of airtight partition 
members for the insulation-related and optical reasons, -any* 
^ of the ceramics is adopted. 

However, some ceramics are less characteristic of 
offering a vacuum, are likely to crack due to heating 
performed for airtight joining, or may deteriorate terribly 
due to steam. A ceramic must therefore be selected after 
profound thought. 

Preferably, a fine ceramic having an insulation 
property and being susceptible to a vacuum, such as, 
aluminum nitride, sialon, alumina, silicon oxide, or silicon 
carbide should be used to produce insulating members. 

Moreover, many multi-component glasses used to produce 
optical members in general are deteriorated with steam. An 
optical member used as an airtight partition member, that is, 
an optical window should be made of a crystalline material 
that is transparent or has the property of transmitting 
light, or a multi-component glass that is resistive to high- 
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pressure high-temperature steam. Sapphire is a monocrystal 
of Al 2 0 3 and classified into transparent crystalline 
materials. Sapphire is therefore a typical optical material 
capable of clearing the conditions for airtight partition 

^ members . An^arrotrher transparent crystalline material is 

A- 

quartz. 

In the present embodiment , a means for fusing a gold 
^ plate by utilizing heat^ stemming from irradiation of laser 

yf: light is adopted as an airtight joining means. Otherwise, 

J^f soldering , brazing , or brazing and soldering may be adopted 

Jjj as an airtight joining means. The present invention is not 

vP limited to these methods. Alternatively, various kinds of 

S3 welding may be adopted as a joining means. 

P Various kinds of welding include fusion welding 

v3 represented by laser welding or electron-beam welding, 

pressure welding represented by resistance welding, and 
brazing or soldering. When any of these methods is adopted 
as a joining means, airtight joining can be achieved. For 
example, laser welding may be adopted to join two metallic 
parts serving as airtight partition members. The two 
metallic parts are fused and united. The joint of the two 
metallic parts consists of the airtight partition members 
alone. Reliable airtightness can be ensured. 

When brazing and soldering is adopted, the joint of 
airtight partition members is infiltrated with a metal. 
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Airtightness can therefore be ensured. Brazing filler 
metals include a gold alloy, a silver alloy, a nickel alloy, 
a copper alloy, and other various alloys. However, the gold 
alloy, nickel alloy, or any other alloys that hardly corrode 
should be selected in consideration of the resistivity to 
corrosion. Moreover, solders include, aside from a 
generally adopted alloy of lead and tin, a silver alloy, a 
copper alloy, and an alloy of gold and tin. Solders that 
hardly corrode, such as, the highly corrosion-resistant 
alloy of gold and tin should be selected. 

Moreover, aside from metal welding, joining using a 
molten glass is also a joining means enabling airtight 
joining. This joining means can be adopted naturally. The 
molten glasses to be injected to a gap between members to be 
joined hermetically include a low fusion point powdered 
glass. A molten glass is heated and fused, and then 
injected into a joint of airtight partition members in order 
to attain airtightness. 

The low fusion point powered glass falls into a type to 
be shaped like a plate glass and a crystallized type. 
Ceramics other than glasses are baked to become jointing 
materials enabling airtight joining. As a joining means for 
realizing a joint whose major component is a metal, ceramic, 
glass, or crystalline material, any ceramic can be adopted. 
The ceramic works as an airtight joining means. 
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When any of the aforesaid airtight joining means is 
used to join members, the temperature of a joint of the 
members often rises considerably. For example, when 
soldering that is a typical metal welding method is adopted, 
the temperature rises to 200°C to 400°C. In the case of 
brazing, the temperature rises to 700°C to 1000°C. 
Furthermore, in the case of laser welding, the temperature 
rises to the fusion temperature of a metal. Specifically, 



when stainless steel is used, the temperature rises to about 
1400°C. In the case of a low fusion point glass generally 
adopted as a molten glass for airtight joining, the fusion 
point thereof is 300°C to 600°C. 

Operations to be exerted by the endoscope having the 
foregoing structures will be described below. 

After the endoscope is used, even if the endoscope can 
be autoclaved, the endoscope is cleaned without fail. For 
the cleaning, at least the waterproof cap 15 is attached in 
order to prevent invasion of a fluid during cleaning under 
running water or immersion in a fluid agent. The whole 
housing of the endoscope is thus sealed in a watertight 
manner at the first sealing level. Consequently, it is 
prevented that a fluid invades into the interior of the 
endoscope during cleaning of the endoscope, and that the 
internal members of the endoscope deteriorate. 

Thereafter, when cleaning is completed, the waterproof 
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cap 15 is detached and the non-return valve cap 20 is 

attached. The endoscope 1 is then sterilized using a pre- 

vacuum type autoclave. 

At the pre-vacuum step, the internal space of the 

endoscope 1 is deaerated externally through the non-return 

^ valve cap 20. This ^earSBS* a difference in pressure between 

/v 

the interior and exterior of the hermetically sealed 
n objective unit 40 that is hermetically sealed at the second 

?* sealing level. However, it will not take place that the 

armor tube 35 of the bendable part 9 serving as an integral 
part of the endoscope housing dilates to burst. Moreover, 
the hermetically sealed objective unit 40 is composed of 
C3 airtight partition members or realized by hermetically 

f;3 joining the airtight partition members. It will therefore 

jj not take place that the hermetically sealed objective unit 

m * ■■ 

40 is destroyed due to the pressure difference. 

At the subsequent sterilization step, the non-return 
valve cap 2 0 is attached. High-pressure high-temperature 
steam will therefore not actively invade into the internal 
endoscope space. However, high-pressure high-temperature 
steam permeates through the armor tube 35 and others, which 
are made of a polymeric material and constitute the 
endoscope housing, and invades gradually into the internal 
endoscope space. However, the hermetically sealed objective 
unit 40 is composed of airtight partition members or 





- 46 - 

realized by hermetically joining the airtight partition 
members. Steam will therefore not invade into the 
hermetically sealed objective unit 40. Moreover, the 
endoscope 1 is heated up to any of temperatures ranging from 
115 to 140°C. However, it will not take place that the 
hermetically sealed objective unit 40 is destroyed due to 
the temperature change. 

The drying step succeeds the sterilization step. The 
yl same pressure difference as that occurring at the pre-vacuum 

2j step occurs between the interior and exterior of the 

□1 hermetically sealed objective unit 40. At this time, it 

iJ5 will not take place that the hermetically sealed objective 

p unit 40 is destroyed due to the pressure difference, 

f s 3 temperature change, or any other adverse effect. 

Furthermore, steam will not invade into the hermetically 
"* sealed objective unit 40. 

After autoclaving is completed, the pressure in the 
internal endoscope space becomes lower than the atmospheric 
pressure. The armor tube 35 of the bendable part 9 
therefore sticks to the internal structure. 

If the bendable part were bent in this state, the armor 
tube 35 would be damaged. However, before the endoscope is 
put to use, the camera connector 7 must be attached to the 
CCU. In other words, the non-return valve cap 20 is 
detached from the camera connector 7 without fail. 
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Therefore, atmospheric air flows into the internal space 
through the vent 14 of the camera connector 7. This 
eliminates the pressure difference between the interior and 
exterior of the hermetically sealed objective unit 40 and 
that between the internal endoscope space and the exterior. 
Consequently, the armor tube 35 is uns ticked from the 
internal structure- The armor tube 35 will therefore not be 
damaged during bending. 

The present embodiment is concerned with an endoscope 
for medical studies to be autoclaved. The structure in 
accordance with the present invention may be adapted to an 
endoscope to be sterilized with steam, an endoscope to be 
immersed in a fluid agent for a long time, an endoscope 
having a possibility that steam may invade into the interior 
thereof, and an endoscope to be used in a highly humid 
environment, for example, an endoscope for industrial use. 

Moreover, the present embodiment is concerned with an 
endoscope whose insertion unit 2 has the bendable part 9. 
Alternatively, the structure in accordance with the present 
invention may be adapted to an endoscope having a rigid 
insertion unit part of which is formed as the bendable part 
9, or an endoscope whose insertion unit is made soft and has 
no bendable part. 

The present embodiment provides the advantages 
described below. 
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- Even when a bendable endoscope having a housing 
member thereof made of a polymeric material is autoclaved, 
an armor tube sheathing a bendable part will not burst, 

- Even when the endoscope is autoclaved, steam will not 
permeate through airtight partition members outlining a 
hermetically sealed objective unit or joints at which the 
airtight partition members are hermetically joined , and will 
therefore not invade into the interior of the endoscope. 
Consequently , it is prevented that the quality of a view is 
impaired due to condensation on a lens . 

- Even when the endoscope is autoclaved, neither the 
airtight partition members outlining the hermetically sealed 
objective unit nor joints at which the airtight partition 
members are hermetically joined will be destroyed. It will 
therefore not take place that steam invades into the 
interior due to destruction. Needless to say, it will not 
take place that the quality of a view is impaired due to 
condensation on a lens. 

- When the endoscope is autoclaved, steam is prevented 
from actively invading into the internal endoscope space 
owing to a non-return valve cap. Deterioration of the 
internal members of the endoscope will therefore be 
alleviated. Moreover, after autoclaving is completed, 
before the endoscope is used, the non-return valve cap is 
detached from a camera connector. It will therefore not 
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take place that the endoscope is put to use with the 
pressure in the internal space thereof left lower than the 
outside air pressure. This eliminates the possibility that 
the armor tube of a bendable part is flawed when used while 
being stuck to the internal structure. 

- The hermetically sealed objective unit is placed in 
close contact with the image input end of a solid-state 
imaging device. It will not take place that a field of view 
is narrowed due to autoclaving. Moreover, an imaging unit 
can be designed compactly. The rigid part of the imaging 
unit can be placed within a distal rigid length covering the 
bendable part of the bendable endoscope. Besides, the 
distal rigid length can be shortened. 

- The imaging unit has the hermtf cicajr iy ocal e d * 
^ objective unit hermetically sealed. 
^ enclosing the solid-state imaging device is sealed using ,a-ny* 
& p-f joining means 4fte±uaihg an adhesive. -Even when the 

s- endoscope is autoclaved, jr£— frd-L^r: n Q * fc take p lace — ^hat: the 

solid-state imaging device -is destroyed and the quality of a 

0^ view ^s* impaired. Moreover, the imaging unit can be 

designed compactly. Despite the bendable endoscope, the . 
rigid part of the imaging unit A resistive to autoclaving^can 
therefore be placed within the distal rigid length covering 
the bendable part. Moreover, it is prevented that the 
distal rigid length extends. 





Airtightness described in relation to the present 
invention shall be referred to a state in which a syntype 
leakage (the volume of the internal space of a specimen 
falls within the range of 0.1 to 0.4 cm 3 ) detected by a 
helium leakage detector stipulated in the JIS Z2331 is 1x10' 
9 *m 3 /s or less. 

When the syntype leakage exceeds lxl0~ 9 *m 3 /s, steam may 
invade during autoclaving. Otherwise, when autoclaving is 
repeated, steam may accumulate to condense on a lens or 
cloud it. Consequently, the lens, a coating covering the 
surface of the lens, or an adhesive may deteriorate to cause 
a drawback such as the impaired quality of a view. 

Table 1 lists different syntype leakages and whether or 
not steam invades in association with different joining 
methods . 

An airtight structure realized by performing welding, 
or in short, the airtight structure of the hermetically 
sealed objective unit 4 0 described in relation to the above 
embodiment is apparently different from a watertight 
structure realized using a typical O ring or adhesive in 
terms of the syntype leakage. 
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Table 1 



Joining method 


Syntype leakage 
( Pa*m 3 /s ^ 


Invasion of steam 


Welding 


0.6X10 -10 to lxlO -9 


Not observed 


Cpa 1 "inn TaT "i +■ h O r-J nn 

DCullllVj W_I_L.11 \J i. J.11U 

( fluorine-contained 
rubber ) 


1 yl f)" 9 4- n 1 v 1 f)" 8 
1 A J. U \-\J 1A1U 


UJJdcIVcU 


Sealing with O ring 
(silicon rubber) 


5xl0" 8 to 5xl0" 7 


Observed 


Fixation with epoxy 
resin adhesive 


5xl0" 10 to lxlCT 7 


Observed 



The data indicating whether steam invades after 
autoclaving demonstrates that compared with when welding 
including brazing and welding, and fusion welding is adopted , 
when an adhesive or sealer made from a polymeric material is 
adopted, steam invades through an adhesive-applied portion 
or sealer member. This becomes more obvious after 
autoclaving is repeated. 

Furthermore, as shown in FIG. 14 and FIG. 15, the 
chromium oxide (Cr 2 0 3 ) plate layer 65 may be formed not only 
on the outer circumference of the distal cover glass 3 6 but 
also on a doughnut-shaped portion of the proximal end 
surface thereof. The plate layer 65 is the low reflectance 
layer of the first metal coating 61 formed on the distal 
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cover glass 36. In this case, the chromium oxide plate 
layer 65 on the doughnut-shaped portion can function as a 
mask for narrowing a beam. 

Thus, the low reflectance layer intended to prevent 
flare is thus assigned to the role of the mask for narrowing 
a beam. This obviates the necessity of separately preparing 
a mask member for narrowing a beam, thus contributing to a 
reduction in the number of parts. Eventually, the cost of 
the endoscope can be minimized. 

Referring to FIG. 16 and FIG. 17, the second embodiment 
of the present invention will be described below. 

The overall configuration of the present embodiment is 
substantially identical to that of the first embodiment 
(A shown in FIG. 1. Q n - ly comp onent s~~tHrf- f erent - from thoa e— at 
"Lha liir at cmb u dimeitL will oe aesc?±bed. The same reference 



^ numerals will be assigned to identical component s^_^Ehe 
description of the components w±Ht~-fa e omitte d. 



As shown in FIG. 16, the distal part 8 of the insertion 
unit 2 of the endoscope 1 in accordance with the present 
embodiment consists mainly of the metallic distal body 16, a 
distal cover 81, an imaging unit 17B, and a light guide unit 
82. The imaging unit 17B is inserted into through holes 
bored in the distal body 16 and distal cover 81 and locked 
therein, and serves as an observing means and image 
transmitting means. The light guide unit 82 serves as an 
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illuminating means. 

The distal cover 81 fills the role of an insulator, and 
is made of a plastic that has an insulation property, and is 
heat-resistant and waterproof, such as, polyphenylene 
ff^ sulphite, polyphenyl sulfone, -ei?- polyether ether ketone, or 
a ceramic . 

The first bending piece 32a is located at the foremost 
end of the plurality of bending pieces constituting the 
bendable part 9, and fixed at the proximal end of the distal 
body 16. The bending pieces 32 are concatenated using the 
rivets 33 so that they can pivot freely. The distal part of 
the armor tube 35 is fixed to the outer circumference of the 
distal body 16 in a watertight manner. The armor tube 35 is 
made from a soft polymeric material such as a fluorine- 
contained rubber, dnd sheathing the outer circumferences of 
the bending pieces 32 constituting the bendable part 9. 

As shown in FIG. 17, the imaging unit 17B in accordance 
with the present embodiment consists mainly of a group of 
objectives 83, the CCD 43, a substrate 84, the lens frame 39, 
a CCD frame 85, a hermetic connector 90, an airtightness 
retaining pipe 87, and a CCD cable 88. The group of 
objectives 83 forms an object image. The CCD 43 has the 
formed object image projected thereon. Capacitors, ICs, and 
other electronic parts for processing an electric signal 
produced by the CCD 43 are mounted on the substrate 84. The 
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lens frame 39 made of a metal serves as an airtight 
partition member for holding the group of objectives 38. 
The CCD frame 85 made of a metal serves as an airtight 
partition member for holding the CCD 43, and is engaged with 
the proximal part of the lens frame 39. The hermetic 
connector 90 is attached to the proximal end of the CCD 
frame 85. The airtightness retaining pipe 87 made of a 
metal serves as an airtight partition member, and is placed 
over the lens frame 39 and CCD frame 85 and engaged with 
them. The CCD cable 88 is coupled to the hermetic connector 
90. 



The hermetic connector 90 has metallic contact pins 92 
passed through holes bored in a metallic connector body 91 



serving as an airtight partition member. An insulating and 
airtight sealing member 93 made from a molten glass and 
serving as one of airtight joining means is poured into the 
through holes. The contact pins 92 are thus isolated from 
the connector body 91. Since the through holes are filled 
with the molten glass, there is no gap between each contact 
pin 92 and the wall of a through hole. Thus, the contact 
pins 92 are hermetically locked in the connector body 91. 



As shown in FIG. 16, the hermetic connector 90 and CCD 
cable 88 are sheathed with a thermo-contractile tube 86. 
The interior of the thermo-contractile tube 86 is filled 
with a filler 89 that is an epoxy adhesive, ceramic adhesive , 
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or silicon adhesive. Joints of the contact pins 92 and the 
signal lines contained in the CCD cable 88 , that is, the 
portions thereof which are joined using a solder or the like 
and having a metal thereof bared are covered by the filler 
89. The joints are thus prevented from corroding due to 
steam. A range 98 corresponding to the length of the distal 
rigid part of the imaging unit 17B falls within a distal 
rigid length indicated as a range 99 distal to the rivet 33 
located at the foremost end of the bending part 9. 



As shown in FIG. 17, a first lens 101 lies at the 
foremost end of the group of objectives 83, and serves as an 
optical window forming the distal end surface of the 



endoscope 1. The first lens 101 is made of sapphire or a 



glass resistive to high-pressure high-temperature steam. 
Metal coating described in relation to the first embodiment 
is performed on the lateral surface and chamfer of the first 
lens 101. The first lens 101 is hermetically locked in the 
metallic lens frame 3 9 by performing laser welding that is 
an airtight joining means described in relation to the first 
embodiment . 

The CCD frame 85 and hermetic connector 90 are 
hermetically joined by performing welding. For the welding, 
laser light is irradiated in the direction of arrow D to the 
whole circumference of a junction at which the CCD frame 85 
meets the hermetic connector 90. The CCD frame 85 and 
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hermetic connector 90 are thus fused and united with each 
other. 

Furthermore, before the CCD frame 85 and hermetic 
connector 90 are joined, the lens frame 39 having the group 
of objectives 83 locked therein is engaged with the CCD 
frame 85. The lens frame 39 is moved in the axial 
directions in order to bring the group of objectives 83 into 
focus. When the group of objectives 83 comes into focus, 
the lens frame 3 9 is fixed to the CCD frame 85 using an 
adhesive . 

Thereafter, the airtightness retaining pipe 87 is 
placed over the lens frame 39 and CCD frame 85. In this 
state, laser light is irradiated in the direction of arrow E 
to the whole circumference of the airtightness retaining 
pipe 87. Thus, the meeting portions of the airtightness 
retaining pipe 87 and CCD frame 85 are welded, and the 
airtightness retaining pipe 87 and CCD frame 85 are joined 
hermetically. Laser light is then irradiated in the 
direction of arrow F to the whole circumference of the 
airtightness retaining pipe 87. Thus, the meeting portions 
of the airtightness retaining pipe 87 and lens frame 89 are 
welded, and the airtightness retaining pipe 87 and lens 
frame 89 are hermetically joined. This results in a 
hermetically sealed imaging unit body 100 that is sealed at 
the same second sealing level as the hermetically sealed 
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objective unit 4 0 in the first embodiment. 

A laser employed is, similarly to that in the first 
embodiment, a YAG laser whose power is low and can be finely 
adjusted. Moreover, when laser light of a pulsating wave is 
irradiated, a degree by which adjoining pulses overlap is 
set to 80 % or higher. Consequently, reliable airtightness 
can be ensured. 

The light guide unit 82 shown in FIG. 16 consists of 
the light guide fiber bundle 18, a first light guide fiber 



frame 111, the illumination lens 19, an illumination cover 
member 112, an illumination lens frame 113, and a light 
guide fiber casing tube 114. The light guide fiber bundle 
18 is formed as an optical fiber bundle made by bundling 
fibers or a plurality of optical fibers each composed of a 
^ core and cladding. The first light guide fiber frame £T 



made of a metal serves as an airtight partition member 
having the light guide fiber bundle 18 incorporated therein. 
The illumination lens 19 is located on the distal surface of 
the light guide fiber bundle 18, and spreads an angle of 
illumination. The illumination cover member 112 made of 
sapphire serves as an airtight partition member located on 
the distal surface of the illumination lens 19. The 
illumination lens frame 113 made of a metal serves as an 
airtight partition member having the illumination cover 
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fiber casing tube 114 has one end thereof located at the 
proximal end of the illumination lens frame 113, and encases 
the light guide fiber bundle 18. 

A molten glass that is one of airtight joining means is 
infiltrated into the distal part of the light guide fiber 
bundle 18 inserted in the first light guide fiber frame 111, 
whereby the fibers of the light guide fiber bundle 18 are 
joined hermetically. In other words, a molten glass (not 



shown) is infiltrated unintermittently into the fibers 



constituting the light guide fiber bundle 18. The molten 
glass should be a paste-type low fusion point powered glass 
in which an organic binder is mixed. The fusion point of 
the low fusion point powered glass is lower than that of a 
fiber. The low fusion point powered glass will not be re- 
fused due to heat of illumination light. The fusion 
temperature of the low fusion point powered glass falls 
within the range of 300 to 600°C. Moreover, the low fusion 
point powered glass can be handled easily during assembling. 



Before the paste-type low fusion point powered glass is 
used to join the fibers of the fiber bundle, first, the 
fiber bundle infiltrated with the low fusion point powered 



glass is inserted into the first light guide fiber frame 111. 
The portion of the fiber bundle infiltrated with the powered 
glass is heated at any of temperatures ranging from 300 to 
600°C, whereby the organic binder is dispersed. When the low 




fusion point powered glass is fused, the portion infiltrated 

with the low fusion point powered glass is then cooled. 

Thus, the molten glass is hermetically infiltrated into 

the fibers. Moreover, the outer circumference of the end 

portion of the light guide fiber bundle 18 having the molten 

glass infiltrated into the fibers thereof and the inner 

III 

circumference of the light guide fiber frame J-Jr are joined 

/\- 

hermetically owing to the molten glass. 

The molten glass fills the role of an airtightness 
retaining filler to be infiltrated into the fibers, and the 
role of an airtight joining means for hermetically joining 
the light guide fiber bundle 18 and first light guide fiber 
frame 111. 

The same metal coating as that employed in the first 
embodiment is performed on the outer circumference of the 
illumination cover member 112. The illumination cover 
member 112 and illumination lens frame 113 are hermetically 
joined by the same airtight joining means as that employed 
in the first embodiment. 

The structure of the light guide unit 82 will be 
described more particularly. 

To begin with, the illumination lens 19 is put in the 
illumination lens frame 113 hermetically united with the 
illumination cover member 112. Thereafter, the light guide 
fiber frame 111 hermetically united with the end of the 



I 
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light guide fiber bundle 18 owing to the molten glass is put 
in the illumination lens frame 113. Laser welding is then 
performed in order to hermetically join the illumination 

* 

lens frame 113 and light guide fiber frame 111. 

Consequently , the portion enclosed with the 
illumination cover member 112, illumination lens frame 113, 
first light guide fiber frame 111, and end of the light 
guide fiber bundle 18 is hermetically sealed in the same 
manner as the hermetically sealed imaging unit body 100. 

Owing to the foregoing structure, it- ic p yevetrbed^tfeat 
(K steam Having per m e at e d through the light guide fiber casing 
fa tube 114 ~w ill j_nvg a§ into the illumination lens 19 through 
p the fibers and the gap between the light guide fiber bundle 

fl 18 and first light guide fiber frame 111. 

Owing to the foregoing structure, the illumination lens 
19 is placed in the fully hermetically sealed space. An 
airtight partition member need not be used as the 
illumination lens 19, but a generally employed multi- 
component glass that can be machined quite readily can be 
adopted . 

Furthermore, the illumination lens 19 may be made of 
sapphire or any other optical material resistive to high- 
pressure high-temperature steam. The illumination lens 19 
and first light guide fiber frame 111 may then be 
hermetically joined directly. According to this structure, 
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the illumination cover member 112 can be excluded. In 
either structure, moisture will not condense on the inner 
surface of the illumination lens 19. Eventually, 
insufficient illumination will not arise. 

In the endoscope of the present embodiment, as another 
example, as shown in FIG. 18, a device frame 120 
accommodating the group of objectives 83 and CCD 43 may be 
included in the distal rigid part. An HIC frame 122 
accommodating a hybrid integrated circuit (hereinafter, an 
HIC) 121 may be placed in the flexible tube 10 located 
behind the bendable part 9. In this case, a connector 123 
locked in the device frame 120 and a distal connector 124 
locked in the HIC frame 12 2 are electrically linked by a 
plurality of signal cables 126 contained in a relay cable 



As shown in FIG. 19, a distal cover glass 127 made of 
sapphire is, like the one in the aforesaid embodiment, 
hermetically locked in the distal part of the device frame 
120. The connector 123 is hermetically locked in the 
proximal part thereof by performing metal welding such as 
fusion welding, brazing or pressure welding. Thus, the lens 
unit 83 and CCD 43 are placed in the hermetically sealed 
internal space of the device frame 120. 

Connection pins 128 like the aforesaid ones are 
hermetically implanted in the connector 123 using a molten 



12 5 lying through the bendable part 9. 
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glass. The distal ends of the connection pins 128 are 
electrically connected to the CCD 43, while the proximal 
ends thereof are electrically coupled to the signal cables 
126 contained in the relay cable 125. 

By the way, the distal connector 124 and proximal 
connector 12 9 are locked in the distal part of the HIC frame 
122 and the proximal part thereof respectively. The outer 
circumferences of the connectors 124 and 129 and the inner 
circumference of the HIC frame 122 are hermetically joined 
by performing metal welding such as fusion welding, brazing 



and welding, or pressure welding. Thus, the HIC 121 is 
placed in the hermetically sealed internal space of the HIC 
frame 122. 

The bar-like connection pins 128 are hermetically 
implanted in the connectors 124 and 129 using a molten glass 
in the same manner as that mentioned above. The signal 
cables 126 bared at the proximal end of the relay cable 125 
are electrically spliced to the distal ends of the 
connection pins 128 implanted in the distal connector 124. 
The proximal ends of the connection pins 128 are 
electrically coupled to one surface of the HIC 121. 



Moreover, the distal ends of the connection pins 128 
implanted in the proximal connector 129 are electrically 
coupled to the other end surface of the HIC 121. The signal 
lines contained in the CCD cable 88 extending to the 
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connector unit 5 are spliced to the proximal ends of the 
connection pins 128. 

As mentioned above, the HIC 121 is not placed in the 
distal rigid part but placed in the flexible tube 10. This 
leads to the shortened distal rigid part. 
^ Moreover, the CCD^ placed in the distal rigid part is 

electrically connected to the HIC^ placed in the flexible 
tube over the relay cable. The ratio at which the contents 
of the distal rigid part and those of the bendable part 
occupy the internal spaces of the distal rigid part and 
bendable part can be set to the same values as those set for 
a conventional endoscope. 

For example, as shown in FIG. 20, the device frame 120 
placed in an airtight space and a substrate frame 13 4 having 
a substrate 131 and hermetic connector 132 placed in a 
metallic sleeve 133 are separated from each other, and 
electrically linked by the relay cable 125. The airtight 
space is defined by the lens frame 39 accommodating the 
group of objectives 38, the distal frame 37 having the 
distal cover glass 36 locked therein, the isolating frame 41 
having the proximal cover glass 44 locked therein, and the 
airtightness retaining pipe 87 hermetically united with the 
isolating frame 41 and distal frame 37. At this time, the 
relay cable 125 is sheathed with a soft tube 135 that is 
pleated to be bendable and foiled with, for example, 
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stainless steel or aluminum. The distal part of the soft 
tube 135 is overlaid the proximal part of a metallic 
connection frame 13 6 joining the isolating frame 41. The 
proximal part of the soft tube 135 is overlaid the distal 
part of the sleeve 133. Thus, the soft tube 135 and the 
connection frame 136 and sleeve 133 are hermetically joined 
by performing metal welding or the like. 

Consequently , the signal cables 126 lying through the 
relay cable 125 and the contacts of the signal cables 126 
and connection pins 92 will not be exposed to high-pressure 
high-temperature steam. 

Now, the structure of the light guide connector 6 will 
be described below. 

As shown in FIG. 21, the light guide connector 6 
consists of a second light guide fiber frame 140, a rod lens 
141, an incident end cover member 142, an incident end frame 
143, and a connector base body 145. The second light guide 
fiber frame 140 made of a metal serves as an airtight 
partition member into which the proximal part of the light 
guide fiber bundle 18 is inserted. The rod lens 141 is 
located on the proximal end surface of the light guide fiber 
bundle 18, and homogenizes incident light falling on the 
light guide fiber bundle 18. The incident end cover member 
142 made of sapphire serves as an airtight partition member 
located on the back end surface of the rod lens 141. The 
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incident end frame 143 made of a metal serves as an airtight 
^ partition member accommodating the incident end f ram^ and 
others. The connector base body 145 is attached to the 
incident end frame 143 using a screw 144. The head of the 
screw 144 is covered with a filler 146 that is an adhesive 
for retaining watertightness . 

The proximal part of the light guide fiber bundle 18 is, 
similarly to the aforesaid distal part thereof, 
unintermittently infiltrated with a molten glass. The outer 
circumference of the proximal part of the light guide fiber 
bundle 18 and the second light guide fiber frame 140 are 
joined hermetically by the molten glass. 

Moreover, metal coating is, as mentioned above, 
performed on the lateral surface of the incident end cover 
member 142. The incident end cover member 142 and incident 
end frame 14 3 are hermetically joined by an airtight joining 
means . 

Furthermore, the second light guide fiber frame 140 and 
incident end frame 143 are hermetically joined by performing 
laser welding. 

Consequently, the portion enclosed with the incident 
end cover member 142, incident end frame 143, second light 
guide fiber frame 140, and end of the light guide fiber 
bundle 18 is hermetically sealed in the same manner as the 
hermetically sealed imaging unit body 100. 
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Consequently, the rod lens 141 lies in the hermetically 
* sealed interior of the light guide connector/ Even when a 

single fiber made of a multi-component glass or the like 
that is not resistive to high-pressure high-temperature 
steam is employed, it is unnecessary to concern about 
deterioration due to steam. 

Moreover, the light guide fiber bundle 18 is sealed by 
the light guide fiber casing tube 114 and light guide fiber 




^ ad opted generally . However, in the present embodiment, a 
fluorocarbon resin tube is employed because it is less 
permeable to steam and more resistive to high-pressure high- 



temperature steam than the silicon tube. At this time, it 
must be checked whether the tube must be somewhat soft. 

Now, the structure of a switch unit 13 will be 
described below. 

As shown in FIG. 22, the switch 13 consists of an 
electric switch 148, a presser pin 149, a switch cover 150, 
a presser member 152, a nut 153, screws 154, an O ring 155, 
and a switch cable 157. The electric switch 148 is an 
electronic part mounted in a package member 147, and 
designed compactly. The presser pin 149 is pressed in order 
to turn on or off the electric switch 148. The switch cover 
150 is molded with the presser pin 149 inserted therein, and 
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made of a rubber such as fluorine-contained rubber. The 
presser member 152 fixes the switch cover 150 to an 
operation unit housing 151 in a watertight manner. The 
presser pin 149 is passed through the presser member 152. 
The nut 153 is used to immobilize the presser member 152. 
The screws 154 are used to fix the package member 147 to the 
operation unit housing 147. The 0 ring 155 is used to 
attain watertightness between the package member 14 7 and 
housing 151. The switch cable 157 is spliced to a contact 
156 of the electric switch 148. Consequently, the electric 
switch 148 lies in the space sealed at the first sealing 
level or higher using the switch cover 150 and O ring 155. 

The switch cover 150 used to realize the sealed space 
is formed to be thick enough not to be burst or damaged even 
when the air in the sealed space expands or contracts due to 
decompression or pressurization performed during autoclaving. 

The sealed space is pressure-resistant to resist 
decompression and pressurization performed during 
autoclaving. Moreover, the sealed space is much smaller 
than the internal space of the endoscope. An amount of air 
that expands due to decompression performed during 
autoclaving is therefore limited. As jfefee^ possibility that 
the armor tube outlining the bendable part may burst as 
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From this viewpoint , it is unnecessary to make the switching- 
cover 150 too thick. 

Aside from the switch uni^, some portions of the 
internal endoscope space need not be sealed fully 
hermetically but must be sealed at a certain sealing level 
and protected from invasion of steam. These portions are, 
^ like the foregoing switch unit//* sealed at the first sealing 
level or higher , whereby invasion of steam can be minimized 
successfully. 

Moreover, a moisture absorptive member 15 8 may be 
placed in the sealed space. The moisture absorptive member 
158 absorbs invading steam and will thus help prevent 
deterioration of electronic parts. If the moisture 
absorptive member can be replaced with a new one, it would 
be more advantageous . 

The O ring^and other rubber sealing members are 
generally made of a silicon rubber or fluorine-contained 
rubber. However, a silicon rubber is quite permeable to 
steam. For this reason, the employment of the aforesaid 
sealing member made of a fluorine-contained rubber is 
preferred. For the same reason, a partition for a space 
that must be shielded from invasion of steam should be made 
of, for example, a fluorine-contained rubber rather than a 
silicon rubber. Likewise, a joint that must be shielded 
from invasion of steam should be realized using an epoxy 
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adhesive or ceramic adhesive rather than a silicon adhesive. 

A portion that cannot be hermetically sealed using an 
airtight partition member or airtight joining means for a 
dimensional or structural reason is covered with a gas 
barrier type coating. This will prove effective in 
hindering invasion of steam. 

For example, the outer surface of the light guide fiber 
casing tube 114, the outer surface of the thermo-contractile 



tube of the imaging unit 17, and the other outer surfaces of 



joints formed with an adhesive may be covered with a gas 
barrier type coating. This will exert the advantage that an 
internal part, for example, the light guide fiber bundle 18 
hardly deteriorates. 



coating include resin coating such as Parylene resin coating, 
metallic thin-film coating such as deposition-based coating 
or dip soldering-based coating, ceramic coating such as 
coating using silica into which silazane is converted, and 
crystal coating. For,—- fe*r example y^the light guide fiber 
casing tube 114, a method of forming a soft coating must be 
adopted. According to this method, invasion of steam can be 
hindered without an increase in size of contents to be 
sealed. When the second sealing level can be attained 
according to the metallic thin-film coating, ceramic coating, 
or crystal coating, the method can be adopted for an 



The coating methods of forming the gas barrier type 
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observation optical system including optical members. 

Similarly to the first embodiment, even when the 
endoscope of the present embodiment is autoclaved, the 
hermetically sealed imaging unit body 100 will not be 
destroyed, and steam will not invade into the interior of 
the hermetically sealed imaging unit body 100. 

Moreover, according to the present embodiment the 
emission end portion and incidence end portion of the light 
^ guide unit 32) which are hermetically sealed and infiltrated 
^ with an airtight joining means; will /^-s-ajadLLaJly to -%ire 




(h ^e^me^jk r c riLly seale d— im aging -w^ fcL budy — 3^0> not be destroyed. 
^ Moreover, steam will not invade into the gtrxcte- light^unit 82 
^ Furthermore, a switch unit^is sealed at the first 

sealing level or higher. Invasion of steam into the switch 
^ unit^ is thus minimized. High-pressure high-temperature 

steam having invaded into the interior of the endoscope will 

not directly attack an electric switch. 

Little steam having invaded will be absorbed by a 
^ moisture absorptive member^. It will therefore be prevented 
rK that the electric switch, or the like fails due to steam or 

humidity. Moreover, high-pressure high-temperature steam 
(K will not directly attack a light guide fiber bundle owing to 

the effect of an armor tube^. Deterioration of a fiber glass 

can be prevented. This leads to a lowered possibility that 

a fiber may be broken. 
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In the present embodiment, almost all the contents of 
the endoscope that are susceptible to steam invading into 
the internal endoscope space are sealed in an airtight or 
watertight manner. This leads to a lowered possibility that 
the whole endoscope may fail. 

The endoscope may be autoclaved without a non-return 
valve cap attached but with a vent in the outer wall of the 
endoscope left open in the same manner as it is sterilized 
as conventionally using an ethylene oxide gas. In this case, 
high-pressure high-temperature steam may invade actively 
into the interior of the endoscope. Nevertheless, since 
almost all the contents of the endoscope that are 
susceptible to steam, such as, an observing means, 
illuminating means, and switch unit are sealed in an 
airtight or watertight manner, the endoscope will not fail. 



The present embodiment provides the advantages 
described below. 

- Even when a bendable endoscope having a housing 
member thereof made of a polymeric material is autoclaved, 
the armor tube of a bendable part will not burst and the 
functional parts incorporated in the endoscope will not fail. 

- Even when the endoscope is autoclaved, steam will not 
permeate through airtight partition members constituting a 
housing of a hermetically sealed imaging unit body, and 
joints of the hermetically joined airtight partition members. 






- 72 - 



The steam will therefore not invade into the hermetically 
sealed imaging unit body. It is therefore prevented that 
electronic parts including a CCD will fail and that the 
quality of a view will be impaired due to condensation 
occurring on a lens. 

- Even when the endoscope is autoclaved, airtight 
partition members constituting a housing of a hermetically 
sealed objective unit and joints of the hermetically joined 
airtight partition members will not be destroyed. It will 
therefore not take place that steam invades into the 
interior of the hermetically sealed objective lens unit 
because of destruction. Needless to say, it will not take 
place that the electronic parts such as the CCD fail, and 
that the quality of a view is impaired due to condensation 
on a lens . 

- Even when the endoscope is autoclaved, steam will not 
invade into the hermetically sealed emission and incidence 
end portions of a light guide fiber bundle. Consequently, 
insufficient illumination stemming from condensation on a 
lens will not take place. 

- Even when the endoscope is autoclaved, high-pressure 
high-temperature steam having invaded into the internal 
endoscope space will not directly attack an electric switch. 
Moreover, little steam having invaded into a switch unit is 
absorbed by a moisture absorptive member. It will not take 
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place that the electric switch fails due to steam or 
humidity . 

- Even when the endoscope is autoclaved, high-pressure 
high-temperature steam will not directly attack the light 
guide fiber bundle. This leads to a lowered possibility 
that fiber glasses may deteriorate to be broken. 

- During autoclaving, the internal endoscope space may 
be ventilated with outside air without a non-return valve 
cap attached in order to prevent burst of the armor tube of 
the bendable part. Even in this situation , the observation 
optical system, illumination optical system, switches, and 
other various contents of the endoscope will not fail. 

Referring to FIG. 23 to FIG. 25, the third embodiment 
of the present invention will be described below. 

The structure of the present embodiment is 
substantially identical to that of the second embodiment. 
Qnly - dif f or o rrt r" goiflp oncntm will hk± ' deacr ibe<=U . The same 



reference numerals will be assigned to identical component s-- 
r *3*e description of the component sytwill be omit fr e e r. 

A n ^~ 

An endoscope 200 in accordance with the present 
embodiment is, as shown in FIG. 23 and FIG. 24, a fiberscope 
employing fibers as an observing means, that is, an image 
transmitting means . 

An image guide fiber bundle 201 lies through the 
insertion unit 2. The image guide fiber bundle 201 serving 
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as an image transmission means is formed as an optical fiber 
bundle made by bundling fibers , that is, a plurality of 
optical fibers each having a core and cladding. Objectives 
202 are located at the distal end of the image guide fiber 
bundle 201. An eyepiece unit 203 is located at the other 
end thereof. 

A connector unit 204 has a light guide connector 205 
and a ventilation base 2 06 through which outside air is 
circulated through the internal space of the endoscope 200. 
A ventilation cap 207 is mated with the ventilation base 206 , 
^ whereby the interior of the endoscope^ is ventilated with 
outside air. 

Unlike the aforesaid embodiments, no imaging unit is 
incorporated in the distal part 8. Instead, an image guide 
fiber bundle 201, an image guide fiber frame 208, a group of 
objectives 202, an objective cover member 209, an objective 
lens frame 210, and an image guide fiber casing tube 211 are 
incorporated in the distal part 8 . The image guide fiber 
frame 208 made of a metal> serves as an airtight partition 



member accommodating the image guide fiber bundle 2 01. The 
group of objectives 202 is located at the distal end of the 
image guide fiber bungle 201, and forms an object image. 
The objective cover member 209 % made of sapphire serves as an 
airtight partition member located at the distal end of the 
group of objectives 202. The objective lens frame 210 made 
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^ of a metal^serves as an airtight partition member 

accommodating the objective cover member and others. The 
image guide fiber casing tube 211 encases the image guide 
fiber bundle 2 01. 

The fibers constituting the image guide fiber bundle 
201 must be arranged in the same manner at the distal end 
^ and proximal end thereof. For this reason, "the both end 
portions of the fibers are immobilized while infiltrated 
^ with a glass that is melted with a fluid agents such as, an 
(fi acid-dissolved glass. Ufhe acid-dissolved glass fills 
(\ therefo re the role of an airtightness retaining filler to be 
^ infiltrated into tire" both tire* end portions of the fibers 
constituting the image guide fiber bundle 201. 

The distal part of the image guide fiber bundle 201 
immobilized with the acid-dissolved glass and the image 
guide fiber frame 208 are, as described in relation to the 
second embodiment, hermetically joined using a molten glass. 
Moreover, a proximal lens included in the group of 
objectives 2 02 is bonded and fixed to the distal end of the 
0^ image guide fiber bundle^using a transparent adhesive. 

A metal coating is formed on the lateral surface of the 
objective cover member 209 and the inner circumference of 
the objective lens frame 210. The objective cover member 
209 and objective lens frame 210 are hermetically joined by, 
for example, performing soldering. 
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A front lens included in the group of objectives 202 is 
(A locked in the objectiv^ frame 210^ hermetically united with 
the objective cover member 209. Thereafter, the image guide 
fiber bundle 2 01 to which a proximal lens included in the 
group of objectives 202 is fixed is inserted into the 
objective lens frame 210. The image guide fiber bundle 2 01 
is then temporarily locked at a position, at which the group 
^ of ob jectives^ comes into focus, by performing, for example, 



We 

a. : s 



spot welding. Thereafter, the objective frame 210 and image 
guide fiber frame 208 are hermetically joined by performing 
laser welding. 

^£^> Consequently ^the portion enclosed with the objective 
cover member 2 09, objective frame 210, image guide fiber 
^ frame 2 08^ and end of the image guide fiber bundle 201 is^, t 
^ c imilarly to tho hormcti egljLy sealed- ima g ing unit fe ody 100 n 
^ jrn- Lhe beuuiid - embudimen ' b ^ hermetically sealed. 
( ttr will ihererore nor Tiak^ pTac; n thnt - R tftam in u y i riore 

* J*s into the objective cover member 2 09 through gaps among the 

fibers and a gap between the image guide fiber bundle 201 
and image guide fiber frame 208. 

Any method other than a joining method using a molten 
glass may be adopted for joining the distal part of the 
image guide fiber bundle 201 immobilized with an acid- 
dissolved glass and the image guide fiber frame 2 08. For 
example, a metal coating may be formed on the outer 
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circumference of the distal part of the image guide fiber 
C\ bundle immobilized with the acid-dissolved glass. The 
^ distal part of the image guide fiber bundle -ef which surface 
has been finished? and the image guide fiber frame 208 may be 
joined hermetically using a solder • 

Moreover, the image guide fiber bundle 201 is not 
^ limited to a flexible fiber bundle having both <**re end 

portions of^ fibers immobilized with the acid-dissolved glass, 
and the intermediate portion of the fibers separated from 
one another with the acid-dissolved glass melted with a 
fluid agent. Each of the fibers has a core and cladding. 
Alternatively, a conduit fiber serving as one conduit over 
the whole length thereof and made by encapsulating a 
plurality of core glasses in cladding glasses will do. In 
this case, the cladding glass fills the role of an 
airtightness retaining filler for covering each core glass 
of an optical fiber. 

In general, the flexible fiber bundle is made of a 
multi-component glass. The conduit fiber is made of a 
quartz glass as well as the multi-component glass. 

As shown in FIG. 25, the eyepiece unit 203 consists of 
a group of eyepieces 215 and an eyepiece mount 213. The 
eyepiece unit 203 can be attached or detached to or from an 
endoscope body 214. 

The group of eyepieces 215 is mounted in a hollow of a 




I 
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metallic eyepiece frame 216 serving as an airtightness 
partition member. A first eyepiece cover glass 217 and 
second eyepiece cover glass 218 are hermetically locked in 

(K the distal part and proximal part of the 3rens" frame 216 

using, for example, a solder. The outer circumferences of , 
the first and second eyepiece cover glasses 217 and 218^made 

C\ of sapphire? and serving as airtight partition members are 
covered with a metal coating. 

In other words, an internal space in which the group of 
eyepieces 215 is placed is sealed hermetically with the 
eyepiece frame 216, first eyepiece cover glass 217, and 
second eyepiece cover glass 218. 

With the eyepiece unit 2 03 attached to the endoscope 
body 214, the first eyepiece cover glass 217 serves as an 
optical window that is included as part of a housing of the 
endoscope. 

Furthermore, the proximal part of the image guide fiber 
bundle 201 lying through the endoscope body 214 has the same 
structure as the distal part of the aforesaid image guide 
fiber bundle 201. 

Moreover, a metal coating is formed on the lateral 
surface of the cover glass 219. The cover glass 219 and 
^ fiber holding member -2-1A are hermetically joined by 

performing, for example, soldering. A second image guide 
fiber frame 221 and the fiber holding member 220 are 
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hermetically joined using , for example, a solder. 

Consequently, since the end of the image guide fiber 
bundle 201 is sealed hermetically, steam will not permeate 
through the end of the image guide fiber bundle 2 01 and the 
inner surface of the cover glass 219. 

When the eyepiece unit 203 is not attached to the 
endoscope body 214, the cover glass 219 serves as an optical 
^ window that is part of the outer surface of the endoscopy. 

Moreover, the group of eyepieces 215 that is 
hermetically sealed can be freely attached or detached to or 
from the image output end of the image guide fiber bundle 
201. Alternatively, similarly to the hermetically sealed 
objective unit 40 and the image input end of the CCD 43 
employed in the first embodiment, the group of hermetically 
sealed eyepieces 215 may be closely bonded to the image 
output end of the image guide fiber bundle 201 by applying a 
transparent adhesive in such a manner that no air layer is 
present. In this case, an eyepiece focusing mechanism 
should be included in the hermetically sealed eyepiece unit^ 
for the purpose of adjustment of the diopter of the 
eyepieces . 

rfv Moreove^ the image guide fiber bundle 201 is^ 



-e^tvilaxly to th o Light 



Q< ombodi-mo ftt-y sealed at the first sealing level or higher 
level with a casing tube and base. 
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Operations to be exerted by the endoscope 2 00 having 
the foregoing structure will be described below. 

When the ventilation cap 207 is mated with the 
ventilation base 206, the internal space of the endoscope 
200 is ventilated with outside air. For cleaning, the 



Jkjl 1 ^ ventilation cap 207 is not mated therewith in order to 



O O 





&< attain watertightness . For autoclaving, the endoscope^is 
put in an autoclave with the ventilation cap 207 mated 
- thprewith . Thus, a burst of the armor tube 37 outlining the 
bendable part 9 is prevented. 

At this time, a large amount of steam invades into the 
endoscope body 214 through the ventilation unit. 
Nevertheless, steam will not permeate through the distal end 
of the image guide fiber bundle 201 hermetically sealed in 
^ the endoscope body 214/ and the group of eyepieces 215 
included in the eyepiece unit 203 that can be attached or 
detached to or from the endoscope body 214. 



OfK^ -^tx&xLsJ&rL li uuL.Laku place that steam invades — into the sealed 
^ spaces andj water droplets ar-e - prod creed* on optical members. 



The present embodiment has the advantages described 



below. 



- When a bendable endoscope whose housing member is 
made of a polymeric material is autoclaved, it will not take 
place that the armor tube of a bendable part bursts and that 
a field of view is narrowed. 



Si 
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- When the endoscope is autoclaved, steam will not 
invade into the hermetically sealed distal part of an image 
guide fiber bundle and an eyepiece unit. Moreover, when 
water droplets are produced on the surface of the cover 
glass of the eyepiece unit, the eyepiece unit can be 
detached in order to wipe off the water droplets. 
Consequently, it will not take * place t ha£ a field of view 



^ provided by the eyepiece unit -^rs~ narrowed due to 
condensation occurring on a lens . 

- When the endoscope is autoclaved, the hermetically 
sealed distal part of the image guide fiber bundle, airtight 
partition members constituting the housing of the eyepiece 
unit, and joints of the hermetically joined airtight 
(: partition members will not be destroyed^-^^wtt^r-^fe heref o a?e- 
^ not take place that uL uam invade r iu ii J, de--due to destruction, r, 
^ Naturally, i t will noL Lake plctue Llicr fc the field of view^Ls* 
narrowed due to condensation on a lens . 

r When the endoscope is autoclaved, high-pressure high- 
temperature steam will not directly attack the image guide 
fiber bundle. Consequently, fiber glasses will not 

deteriorate TO* break. 
C\ /\ 

According to the present embodiment, instead of the 
^ ventilation cap^ a cap member having the capability of a 
non-return valve may be, similarly to the non-return valve 
cap 20 in the first embodiment, mated with the ventilation 
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base 206. 

In this case, the cap member must be designed so that 
when it is mated with the ventilation base 206, it will 
communicate with an outside and works as a non-return valve. 
V^I^>N> When this structure is adopted, .steam will not, — s imilarly tcr- 
the f i r ro 'tr-e mbodim c n t.^ actively invade into the interior of 
^ the endoscope^ during autxiciarvittg-. — *he contents of the 
endoscope ^ean be p re v e n ted from deteriorating. 

Moreover, according to the present embodiment, the 
objective frame 210 and image guide fiber frame 208 are 
hermetically joined by performing laser welding. 
Alternatively, as shown in FIG. 26, similarly to the 
airtightness retaining pipe 87 in the second embodiment, an 
airtightness retaining member 225 made of a metal, ceramic, 
or the like may be employed; The airtightness retaining 
member 225^-aml the objective frame 210^ and image guide fiber 
frame 2 08 may be hermetically joined by performing laser 
welding or soldering. In this case, the objective frame 210 
and image guide fiber frame 208 can be bonded more firmly to 
each other. Consequently, it becomes easy to bring the 
group of objectives 202 into focus during assembling. 

Moreover, when moisture condenses into water droplets 
on the surface of the cover glass 219 during autoclaving, or 
when water droplets are produced on the surface of the 
second cover glass 218, the water droplets can be wiped off 





- 83 - 

easily by removing the eyepiece unit 203. 

As shown in FIG. 2 7 , a hermetically sealed objective 

unit 337 may be firmly bonded to the distal end of an image 

guide fiber bundle 33 6, that is, the image input end thereof 

using a transparent adhesive 329 in such a manner that no 

air layer is present. The objective unit 337 consists of an 

objective frame 338, a distal cover glass 339, a back-end 

cover glass 340, a group of objectives 341, and a spacer 

ring 342. The objective frame 338 is made of a metal. The 

distal cover glass 3^9-Ttta^^-oi^japphiee is hermetically 

locked in the distal part of the objective frame 33 8 by 

performing brazing or the like. A metal coating is formed 

on the outer circumference^©* the distal cover glass 339 as 

a joint of the distal cover glass and objective frame. The 

A /^-^ 

group of objectives 341 is placed in a space hermetically 
sealed with the objective frame 338, and cover glasses 339 
and 34 0. 

In the structure, the spacer ring 342 is used to 
position the group of objectives 341 and to focus it on the 
image input end of the image guide fiber bundle 336. 

Focusing - therefore nood not — bo performe d in partieular 

-e tormy cto - oombling . 

The back-end cover glass 340 is not fixed to the 
proximal end of the objective frame 338 but secured with an 
engagement portion 33 8a left at the end of the objective 
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frame 338. The distal part of a base 343 of the image guide 
fiber bundle 3 36 is inserted and fixed to the engagement 
portion 338a formed at the end of the objective frame 338. 
Owing to the structure, the center axis of the group of 
objectives 341 is aligned with the center axis of the image 
guide fiber bundle 336. 

A mask deposition cover glass 344 is , as shown in FIG. 
28, fixted to the image output end of the image guide fiber 
bundle 33\6. A black deposition material 345 such as 
chromium ox.ide is, as shown in FIG. 29, deposited on the 
mask deposition cover glass 344, thus forming a field mask. 
A portion of the mask deposition cover glass on which the 
deposition material 345 is not deposited defines a range of 
a field of view se^n by an observer. The field mask has an 
up indicator 344a soXas to help the observer recognize an up 
direction. \ 

The mask deposition \over glass 344 is, as shown in FIG. 
28, closely fixed to the image output end of the image guide 
fiber bundle 336 using a transparent silicon adhesive 346 in 
such a manner that no air layer\is present. 

Furthermore, in the present embodiment, a hermetically 
sealed illumination lens unit 358 is, as shown in FIG. 27, 
closely fixed to the emission end of a light guide fiber 
bundle 357 using a transparent adhesive 329 in such a manner 
that no air layer is present. The illumination lens unit 
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358 consists of an illumination frame 359 , a distal 
illumination cover glass 360 , a back-end illumination cover 
glass 361, and an illumination lens 362. The illumination 
frame 3 59 is made of a metal. The distal illumination cover 
glass 360 7 made of sapphire? is hermetically locked in the 
distal part of the illumination frame 359 by performing , for 
example, brazing. A metal coating is formed on the outer 
circumference of the distal illumination cover glass 3 60 as 
a joint of the distal illumination cover glass 360 and the 
illumination frame 359. The back-end illumination cover 
glass 361 made of sapphire^ is hermetically locked in the 
proximal part of the illumination frame 359. The 
illumination lens 3 62 is placed in a space hermetically 
sealed by the illumination frame 359^ and cover glasses 360 
and 3 61. 

The light guide fiber bundle 357 and the illumination 

lens unit 3 58 are locked in a mounting hole bored in a 

distal structure of an insertion unit.. At this time, the 

A 

light guide fiber bundle 357 is inserted through the back 
end of the hole, while the illumination lens unit 358 is 
inserted through the front end thereof. 



light source apparatus. A hermetically sealed illumination 
light incidence end optical member unit 366 is closely fixed 
to the incidence end of the light guide fiber bundle 357 




3 0 shows a connector unit 365 to be coupled to a 
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using a transparent adhesive 329 in such a manner that no 
air layer is present. 

The illumination light incidence end optical member 
unit 366 consists of a rod lens frame 367, two cover glasses 
368, and a rod lens 369. The rod lens frame 3 67 is made of 
a metal. The two cover glasses 368 made of sapphire are 
hermetically locked in both the end portions of the rod lens 
frame 267 by performing brazing or the like. A metal 
coating is formed on the outer circumferences of the cover 



glasses 368 as joints of the cover glasses,, and the rod lens 



sealed with the rod lens frame 367 and cover glasses 368. 
The rod lens 369 is formed with a single fiber made of a 
multi-component glass, and homogeneously disperses incident 
light emanating from a light source. 

In FIG. 27 and FIG. 30, reference numeral 327 denotes 
the joints at which the lenses and frames are hermetically 
joined by performing brazing, soldering, or metal welding 
such as laser welding. 

Assuming that the endoscope having the foregoing 
structure is autoclaved using high-pressure high-temperature 
steam, steam invades into the interior of the endoscope 
through the O rings, adhesives, resin parts, or the like. 
However, since the objective unit 337 located at the image 
input end of the image guide fiber bundle 336 is 
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hermetically sealed, steam will not invade into the 

^ hermetically sealed space. Consequently, Jttr-wfT3rT*©±_Jkafce 

Ad4- h<Ls 

— piace— tfeat water droplets -aiie produced on optical members 

Cr A 

including the group of objectives 341 to eventually cloud 
them. 

Moreover, the light guide fiber bundle 336 and back-end 
cover glass 340 are closely fixed to each other using the 
transparent adhesive 329 in such a manner that no air layer 



M is present. Moisture will therefore not condense into water 
droplets between the light guide fiber bundle^and back-end 

□ 3(,( 

CH (\ cover glas^. Furthermore, the mask deposition cover glass 

wt Iff* 

J?* 344 is closely fixed to the image output end of the image 

r 

guide fiber bundle 336 using the transparent adhesive /tfT in 
such a manner that no air layer is present. Moisture will 
not condense into water droplets between the mask deposition 
cover glass and image guide fiber. 

Furthermore, the illumination lens unit 358 located at 

b VA A^V*- 

the emission end of the light guide -fiber- 357 is sealed 

A 

hermetically. Water droplets will therefore not be produced 
to cloud the optical members including the illumination lens 
362. Moreover, the light guide fiber bundle 357 and back- 
end illumination cover glass 361 are closely fixed to each 
other using the transparent adhesive 32 9 in such a manner 
that no air layer is present. Moisture will therefore not 
condense into water droplets between the light guide fiber 
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0^ bundle and back-end illumination cover glass. Furthermore, 

A [\$* A 

/A, the illumination incidence end lens unit 366 located at the 

/ 

incidence end of the light guide fiber bundle 357 is 

hermetically sealed. Steam will therefore not invade into 

and 

/ the hermetically sealed Ffpa^p , T fr will fhorof o ^r p ^ nnt ta^ 
(J\ ^ ^a/^q^ 

at x-pTHce-^fcha-b water droplets ia^e n produced on the optical 

members including the rod lens J &^& to eventually cloud the 
optical members. Moreover, the light guide fiber bundle 357 
and cover glass 368 are closely fixed to each other using 
the transparent adhesive 32 9 in such a manner that no air 
layer is present. Consequently, moisture will not condense 
into water droplets between the light guide fiber bundle .and 
^ cover glass^. 

The present embodiment is expected to provide the 
advantages described below. 

Even when an endoscope is autoclaved, it will not take 
place that optical members included in an objective unit and 
an eyepiece unit are clouded or a field of view is narrowed 
due to deterioration of lens glasses. The objective unit 
and the eyepiece unit are hermetically sealed and located at 
the image input end of an image guide fiber bundle and the 
image output end thereof respectively. 

Moreover, even when the endoscope is autoclaved, there 
is no fear that moisture may condense into water droplets 
between the end of the image guide fiber bundle and an 
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optical member. This is because optical members are closely 
fixed to the image input end and image output end of the 
image guide fiber bundle in such a manner that no air layer 
is present. 

Furthermore, even when the endoscope is autoolaved, the 
optical members locked in the spaces hermetically sealed at 
the emission end and incidence end of a light guide fiber 
bundle will not be clouded, or lens glasses will not 
deteriorate. Consequently, it will not take place that 
illumination light diminishes or light is distributed in an 
inhomogeneous manner . 



Moreover, even when the endoscope is autoclaved, 
moisture will not condense into water droplets between the 



ends of the light guide fiber bundle and the optical members. 
This is because the optical members are closely fixed to the 
incidence end and emission end of the light guide fiber 
bundle in such a manner that no air layer is present. 
Consequently, it will not take place that illumination light 
diminishes and light is distributed in an inhomogeneous 
manner. 

Furthermore, the image output end of the image guide 
fiber bundle and a mask deposition cover glass are closely 
fixed to each other in such a manner that no air layer is 
present. Interference fringes stemming from reflection 
occurring between the image output end and mask deposition 
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cover glass will not be produced. 

Furthermore, the mask deposition cover glass is bonded 
to the image output end of the image guide fiber bundle 
using a silicon adhesive that can be wiped off relatively 
easily. The mask deposition cover glass can therefore be 
repaired readily. 

According to the present invention, it is apparent that 
a wide range of different embodiments can be constructed 
iy based on the invention without a departure from the spirit 

3 . : 
a_= _= 

vj and scope of the invention. The present invention will be 
m limited by the appended claims but not be restricted by any 
specific embodiments. 
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